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1.0 INTRODUCTION 

Nobis Engineering, Inc. dba Nobis Group™ (Nobis) prepared this Feasibility Study (FS) for the 

Nyanza Chemical Waste Dump Superfund Site located in Ashland, Massachusetts (Site). The 

location of the Site is shown in Figure 1-1. This work was performed in accordance with the United 

States Environmental Protection Agency (EPA) Region I Remedial Action Contract 2, No. 

EP-S1-06-03, EPA Task Order No. 0113-RICO-0115, Amended Scope of Work (ASOW), Work 

Plan Cost Estimate dated May 30, 2017 (Nobis, 2017a). 

 

This FS for Operable Unit (OU) 2 addresses groundwater contamination at the Site. The goal of 

the OU2 FS is to support the selection of a groundwater remedy that eliminates, reduces, or 

controls risks to human health and the environment and can be used to prepare a final 

groundwater remedy for OU2.  In 1991, EPA issued an interim Record of Decision (ROD) for 

OU2, and in 2006 an Explanation of Significant Differences (ESD) was issued for OU2.  

 

1.1 Purpose and Scope 

The Site has been divided into four OUs to facilitate the evaluation and implementation of actions 

to reduce, eliminate, or control actual or potential human-health and ecological risks. OUs are 

discrete actions that comprise incremental steps toward comprehensively addressing Site 

contamination. An OU eliminates or mitigates a release, a threat of a release, or an exposure 

pathway (EPA, 1988), and may reflect the final remediation of a defined portion of a site or may 

be implemented as an interim measure. The four OUs for the Site are described below: 

 

• OU1 (source control and soil) is the former Nyanza, Inc. property and several upland and 

wetland areas where sludges were placed and soils were contaminated. 

 

• OU2 (groundwater) consists of a contaminated groundwater plume of organic 

contamination that extends from the former Nyanza, Inc. property and Site plume source 

area toward the Sudbury River. 

 

• OU3 (wetlands and drainageways) includes the Eastern Wetland, Trolley Brook, Chemical 

Brook and Outfall Creek/Lower Raceway. These drainages are located between the 

former Nyanza, Inc. property and the Sudbury River. 
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• OU4 (Sudbury River) includes a 26-mile stretch of the Sudbury River where sediment and 

fish were contaminated with mercury. 

 

The purpose of this FS is to identify and evaluate appropriate remedial alternatives for OU2. The 

FS develops and evaluates alternatives based upon the criteria defined in the National Oil and 

Hazardous Substances Pollution Contingency Plan (NCP), 40 Code of Federal Regulations (CFR) 

Part 300, and the Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA), 42 United States Code (U.S.C.) § 9601 et seq. As required by the statute, a no-action 

alternative is considered in the evaluations and a detailed analysis of selected, potential remedies 

is provided for each area of concern (AOC). FS activities include 

 

• developing remedial action objectives (RAOs); 

• developing general response actions (GRAs); 

• identifying areas and volumes requiring remedial action (RA); 

• identifying and screening of remedial technologies and process options;  

• developing and screening of RA alternatives; 

• conducting a detailed analysis of retained RA alternatives; and  

• conducting a comparative analysis of retained RA alternatives. 

 

This FS does not select a preferred alternative, but rather describes the alternatives under 

consideration. The preferred alternative will be identified in the Proposed Plan and will be subject 

to public comment. After addressing State and public comments on the proposed alternative, the 

final remedy selection will be described in the OU2 ROD.  

 

1.2 Report Organization 

Section 1.0 introduces the FS report and its purpose and presents report topics. This Section 

includes a brief background description and history of the Site, the nature and extent of OU2 

contamination and a conceptual Site model (CSM) presenting the interrelationships of 

contaminant source areas, site geology and hydrogeology, contaminant persistence, and 

contaminant distribution.  

 

Section 2.0 identifies the basis for remediation and identifies and screens remedial technologies 

for the corresponding response actions. This section identifies preliminary remediation goals 
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(PRGs), develops RAOs, and lists the resultant GRAs. This section initiates the risk-management 

decision process. A draft evaluation was performed for the FS Tech Memo (Nobis, 2018c). 

 

Section 3.0 describes the assembly of these technologies into initial remedial alternatives, and 

screens the alternatives against the criteria of implementability, effectiveness, and cost. A draft 

screening was performed for the FS Tech Memo (Nobis, 2018c). 

 

Section 4.0 provides a detailed analysis of the retained alternatives and contains an evaluation of 

each alternative against the first seven evaluation criteria listed in the NCP. 

 

Section 5.0 presents a comparison of the retained alternatives that were the focus of the detailed 

evaluation, highlighting relative advantages and disadvantages of the alternatives with respect to 

the seven evaluation criteria. 

 

Section 6.0 provides references used for this document. 

 

Figures, tables and appendices are presented at the end of this document. 

 

1.3 Background Information 

This subsection summarizes background information on the Site. Topics include a Site description 

and general history, and a history of environmental investigations leading up to this FS. 

 

1.3.1 Site Description and Setting 

The former Nyanza facility is located on the north side of Megunko Road in the Town of Ashland, 

Massachusetts. The Town of Ashland is in Middlesex County and located 25 miles west of Boston, 

and 20 miles east of Worcester (Figure 1-1). The Site consists of the former Nyanza facility (a 5-

acre parcel) as well as all areas that have been contaminated with hazardous substances from 

the former Nyanza property. The Nyanza facility is adjacent to railroad tracks used daily by freight 

and commuter trains. A former landfill on Megunko Hill (now capped; Figure 1-2) is located to the 

southwest of the former Nyanza facility. The Site is bounded to the north by the Sudbury River. 

Figure 1-3 depicts the Federal Emergency Management Agency (FEMA) flood zones and 

wetlands close to the Site. 
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1.3.2 Land Use 

More than 40 individual properties are located above the plume contaminated with volatile organic 

compounds (VOCs) as outlined by trichloroethene (TCE) concentrations above the 5 µg/L, the 

Maximum Contaminant Level (MCL) for TCE (Figure 1-4). This boundary encompasses all 

monitoring wells with concentrations above the MCL. These potentially impacted properties are 

listed in Table 1-1 and shown on Figure 1-4. In general, the area consists of mixed residential and 

industrial/commercial properties, and although large portions of the area between Pleasant Street 

and the railroad tracks to the south are zoned as industrial/commercial, single family residences 

are located throughout this area. Figure 1-5 depicts land use within the study area. 

 

The Massachusetts Department of Environmental Protection (MassDEP) completed a 

Groundwater Use and Value Determination (MassDEP, 2014), which determined that there were 

no public or private drinking water supply wells or surface water intakes within the review area, 

and that at least a portion of all property lots were within 500 feet of a public water distribution 

line. The determination identified four potentially productive aquifers (PPAs), all of which were 

considered to be medium yield. Three of the PPAs were in areas unlikely to support potable water 

supplies due to existing site uses and were considered to be non-potential drinking water source 

areas. A fourth PPA is located between Pleasant Street and the Sudbury River (Figure 1-2), with 

a primary land use of single and multifamily units on lots that are on average one-half acre in size. 

Though unlikely to provide a source of potable water, this future use cannot be completely 

discounted and therefore this PPA is considered a potential future water supply source area. 

 

In 2018, the MassDEP completed an updated groundwater use and value determination which 

revised and reduced the size of the original PPA (on the eastern perimeter of the PPA) to consist 

of the area west of and including 191 Pleasant Street. Figure 1-2 shows the revised PPA 

(MassDEP, 2019). 

 

1.3.3 Site History 

From 1917 to 1978, several companies occupied the Site and manufactured textile dyes and dye 

intermediates, inorganic colloidal solids, and acrylic polymers. Nyanza, Inc. was the most recent 

dye manufacturing company to occupy the Site, from 1965 to 1978. During that period, large 

volumes of chemical waste were disposed into burial pits, lagoons, and structures such as a large 

below-ground concrete vault. The vault, which was removed in 1988, was taken out of service in 
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the 1960s or 1970s but continued to be a source of contamination.  These disposal areas were 

widespread on Megunko Hill and the lower industrial area. Wastes included partially treated 

process wastewater, chemical sludge from the wastewater treatment process, solid process 

wastes (chemical precipitate and filter cakes), solvent recovery distillate residue, acids, off-

specification products, and numerous organic and inorganic chemicals. Process chemicals that 

could not be recycled or reused were also disposed on-site or discharged into adjacent wetlands 

and drainageways connected to the Sudbury River (Ebasco Services, Incorporated [Ebasco], 

1991). An estimated 45,000 tons of chemical sludges, along with spent solvents and other 

chemical wastes, were buried or disposed on the property (EPA, 2014).  The current property 

owners lease land to various industrial/commercial operations. 

 

1.3.4 Previous Investigations and Reporting 

Starting in 1967, the Commonwealth of Massachusetts began enforcement activities in 

connection with Nyanza, Inc.’s disposal practices. Major investigations associated with OU2 are 

described below (Ebasco, 1991a, ICF Consulting [ICF], 2006, and Nobis, 2016). 

 

• 1974: Camp Dresser and McKee, Inc. (CDM) completed an environmental site investigation 

for Nyanza, Inc., focusing on the identification of on-Site and off-Site sources. CDM 

developed a plan to control groundwater contamination, which was never implemented. 

 

• 1980: Massachusetts Department of Environmental Quality Engineering (DEQE) 

performed a preliminary Site Assessment. 

 

• 1981: Connorstone Engineering/Carr Research Labs performed a site characterization 

study for MCL Development Corporation. 

 

• 1982: The Site was listed on the national priority list (NPL). CDM developed a Remedial 

Action Master Plan (RAMP) emphasizing on-site source control remedial actions. 

 

• 1984-1986: NUS and CDM conducted a Remedial Investigation (RI) and FS and additional 

investigations for OU1 to evaluate source areas and support remedial design (RD). 
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• 1987: EPA and DEQE performed a sludge removal action for a concrete vault which was a 

major source of organic groundwater contamination. E.C. Jordan began OU2 RI/FS activities. 

 

• 1991: Ebasco completed an RI/FS for OU2 that identified contamination extending beyond 

the original study area boundaries and suggested that the concrete vault was a significant 

source of contamination. The RI also identified a potential bedrock trough which may 

control contaminant migration. The interim ROD for OU2 was signed on September 23. 

Groundwater extraction and treatment was selected as the remedy. 

 

• 1994: Dense non-aqueous phase liquid (DNAPL) was discovered during installation of an 

extraction well for a pilot-scale treatment system, causing the postponement of full-scale 

design. The pilot system was never operated. 

 

• 2005: EPA and ICF conducted indoor air sampling programs and modeling to evaluate the 

risk of vapor intrusion from groundwater contamination. The resulting risk assessment 

revealed an unacceptable cancer risk related to vapor intrusion. Based on these 

investigations, EPA prepared an ESD for OU2 (EPA, 2006) that required extraction of 

DNAPL, groundwater and air monitoring, and installation of vapor mitigation systems 

(VMS) in structures located in the northeast portion of the plume. 

 

• 2006: ICF investigated bedrock, updated the Site CSM, and evaluated remedial 

alternatives for DNAPL extraction and treatment. The preferred remedy included DNAPL 

extraction, institutional controls (ICs), and groundwater monitoring. 

 

• 2009 and 2012: Nobis performed step drilling to locate areas of potential DNAPL in the 

bedrock depression identified by ICF (2006). One monitoring well was installed during 

each investigation at the boring exhibiting the highest potential for DNAPL. 

 

• 2011 to 2015: Nobis performed semi-annual groundwater monitoring to evaluate natural 

attenuation in the groundwater plume (Nobis, 2016). 

 

• 2014 to 2018: EPA performed a series of additional indoor air and sub-slab investigations 
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o 2014 and 2015 commercial property: benzene and TCE exceeded their respective 

vapor intrusion screening levels (VISLs); however, a risk evaluation determined 

that the estimated risk was within EPA’s acceptable risk range. 

o 2016 fire and police stations: no unacceptable vapor intrusion risk was identified; 

and TCE was not detected above reporting limits in indoor air. 

o 2018 properties outside the current vapor mitigation area (9 residential and 1 

commercial property): TCE was not detected in indoor air above reporting limits, 

and no unacceptable risk was identified for TCE or other target compounds. TCE 

was detected in sub-slab soil gas beneath some buildings, but the TCE vapors did 

not appear to be migrating into the buildings. Low levels of benzene detected in 

indoor air were consistent with outside background ambient air samples. No 

unacceptable risk for benzene was identified. 

 

• 2017 and 2018: Nobis performed a supplemental investigation to evaluate continuing 

groundwater trends and to determine the extent of the shallow overburden groundwater 

plume near Water Street (Nobis, 2018a). 

 

Monitoring wells were installed for several of these investigations. Figure 1-6 depicts the current 

monitoring well network. Figure 1-7 shows the properties that have been sampled for indoor air 

and soil gas.  

 

1.3.5 Previous Remedial Activities 

Remedial activities conducted for OU2 include the installation of VMS and DNAPL extraction 

systems, as required in the ESD (EPA, 2006).  

 

VMS system construction began in May 2007. A total of 43 systems were installed in 41 properties. 

One additional property owner refused access for system installation. VMS were installed in the 

areas shown in Figure 1-2. (EPA, 2008). MassDEP assumed operations and maintenance (O&M) 

responsibilities and conducts routine inspections and makes any necessary repairs. 

 

In September 2013, DNAPL recovery systems were installed in two wells which had previously 

exhibited evidence of DNAPL, including a measured DNAPL thickness of up to 4.4 feet. The 

systems were installed at the Worcester Air Conditioning (WAC) property (MW-113A) and the 
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Nyacol property (MW/B-11) (Figure 1-2), as documented in Nobis, 2014. The DNAPL is removed 

with a pneumatic down-hole recovery pump set near the bottom of each well. Liquid is collected 

into holding tanks, and tank vapors are passively treated on-site via 55-gallon drums of granular 

activated carbon. The MW/B-11 extraction well produces relatively little DNAPL and was taken 

off-line for an extended period to allow for DNAPL pooling. DNAPL recovery system operation 

and maintenance and recovery rates are documented in annual reports. The most recent O&M 

report is from September 2018 (Nobis, 2018b). 

 

1.4 Updated Conceptual Site Model 

The following subsections present an updated CSM for OU2. The most recent comprehensive 

groundwater data is from fall 2015; however, groundwater elevation contours and discussion of 

contaminant trends have been updated to reflect the most recent sampling, conducted in 2017 

and 2018. CSM elements, in addition to those presented below, can be found in the 2015 

Groundwater Report (Nobis, 2016). 

 

1.4.1 Geology and Hydrogeology  

The Site geology and hydrogeology (both for the entire Site and in areas of interest) are described 

in the following subsections. 

 

1.4.1.1 Geology 

Site soil consists primarily of silty fine sand and silt, with some zones of fine to coarse sand and 

gravel to boulders. Grain size analysis from samples collected at 17 borings during the RI 

(Ebasco, 1991a) indicated that the soil texture ranged widely both laterally and vertically. Units 

encountered generally consisted of fill (primarily sand and gravel mixtures) above glacio-fluvial 

and glacio-lacustrine units. The fluvial and lacustrine deposits were interbedded and laterally 

interfingered, likely because of variable meltwater and sediment volumes at the fluctuating ice 

margin. Glacial till covers Megunko Hill and the uplands immediately to the south. The apparent 

restriction of till to this area may be the result of either glacial scouring or erosion during glacial 

recession. Glacio-lacustrine deposits were encountered on both sides of the Sudbury River, with 

thicknesses ranging from 5 to 50 feet. Cobbles and boulders were also encountered resting on 

bedrock beneath the east end of Pleasant Street, at the deeper portions of the bedrock trough 

(Ebasco, 1991a). Modern alluvial deposits are located along the Sudbury River channel and 
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shoreline, and consist of sand, silt, gravel, and minor clay, with some swamp and muck deposits.  

A meandering feature visible on air photos in the center of the groundwater plume (Figure 1-8) likely 

represents a pre-glacial riverbed for the Sudbury River (EPA, 1989).  The depth to bedrock at the 

Site ranges from approximately 3.5 feet below ground surface (bgs) (MW-502B) to 111 feet bgs 

(MW-404A).  

 

The bedrock consists of Milford Granite of Lower Paleozoic to Precambrian age, which is slightly to 

highly fractured. The bedrock is generally unfoliated to very weakly foliated. One borehole (MW-

408A) intersected a diabase dike at approximately 43 feet bgs. The bedrock surface is highest at 

Megunko Hill and decreases radially from the hill to a valley parallel to and south of the eastern end 

of Pleasant Street (Figure 1-9). The upper portions of bedrock, especially the upper two-to-eight 

feet, tend to be weathered and highly fractured. Most fractures intersected during drilling are 

horizontal to sub-horizontal (Ebasco, 1991a). Rock quality designation (RQD) values are generally 

much lower more than 15 feet below the bedrock surface. Rock core logs from the RI indicate that 

most of the intersected fractures were horizontal to subhorizontal (Ebasco, 1991). Borehole 

geophysics in SB-600 and SB-601 noted that open fractures occurred at a much higher frequency 

in the upper 10 feet of rock, and that fracture strike was west and northwest, with fractures dipping 

to the north (ICF, 2006). 

 

A photogeologic study by EPA’s Environmental Photographic Interpretation Center (EPIC) 

examined air photos taken on April 29, 1963 and December 15, 1938 (EPA, 1989). This study 

consisted of stereoscopic viewing and analysis of pairs of air photos taken on April 29, 1963 and 

December 15, 1938. The study identified 15 photolineaments, assumed to be fracture traces in 

the area, and some of these transect the current Site (Figure 1-9). The photolineaments strike 

primarily to the northwest or northeast; the northwest-striking photolineaments tend to be longer. 

One of these passes through MW-503A, along the northeast edge of the landfill and continues 

north-northwestward, a short distance west of the Nyacol property (MW/B-11). A northeast-

trending lineament intersects with the northwest-trending lineament and passes through MW-

113A (the DNAPL extraction well) at WAC and through a mapped bedrock low (shown by closed 

contours with hachures on Figure 1-9). If these lineaments represent bedrock fracture zones, they 

may be locations for enhanced groundwater flow and contaminant transport through the bedrock. 

The EPIC report notes that it did not find photolineaments corresponding with two mapped 

bedrock faults on Megunko Hill. 
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Contours of the top surface of the bedrock are shown on Figure 1-9. The bedrock elevations used 

were obtained primarily from boring logs, but previous bedrock elevations and contouring based 

on geophysical surveys (ICF, 2006; Nobis 2012c) were also used in the contouring. Bedrock 

elevation data from areas where borings are closely spaced and where geophysical data are 

available (WAC and Nyacol) indicate that relief of several feet in the bedrock surface can occur 

over very short distances. This observation indicates that in other areas of the Site, where data 

points are more widely spaced, the data locations may be insufficient to capture all local variations 

in the bedrock surface, and that more than one contouring interpretation is possible. For example, 

contouring on ICF (2006) Figures 2-12 and 2-13 and Nobis (2012c) Figure 5 differ from the 

contours in the present report, Figure 1-9. 

 

Within the mapped area (Figure 1-9), bedrock elevations range from nearly 275 feet above mean 

sea level (amsl) at MW-501A, southwest of the landfill, to less than 80 feet amsl in MW-404A/B, 

located near the eastern end of Megunko Road. This latter data point is not shown on Figure 1-9 

and was not used in contouring, because its anomalously low bedrock elevation, combined with 

the wide spacing of wells in this area resulted in this one well having an undue influence on 

contours over a wide area southeast of the plume. 

 

Generally, the bedrock surface slopes northeastward from the capped landfill, toward the Nyacol 

and WAC facilities; contours are somewhat circular in this area, indicating a northwestward slope 

towards the MW-03 and MW-04 clusters (Figure 1-9). Where data are more closely spaced (and 

where geophysical data are available), near the Nyacol and WAC facilities, considerable 

irregularities are noted, including a bedrock trough located along and just north of the railroad 

tracks near the MW-113A extraction well. This trough is located mainly within the inferred former 

Sudbury River channel, although this may be a coincidence, as the former channel may not 

extend downward to bedrock. A bedrock knob is mapped 200 to 300 feet east of the trough. To 

the northeast, from the Nyacol and WAC areas, the bedrock continues to slope downward, but 

more gradually. An east-west, shallow trough in the bedrock surface extends, in the mid-plume 

area, from the MW-203 cluster, through the MW-115 cluster, and across Main Street to the MW-

405 cluster. At Mill Pond and to the north, the bedrock surface rises. The bedrock surface 

generally slopes downward to the southeast in this area. 
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Areas of specific interest to the FS are the adjacent Nyacol and WAC properties, and the 

downgradient plume area (along and south of the eastern end of Pleasant Street). Geology 

specific to these areas is described below. 

 

Nyacol/WAC Area Geology 

Several investigations have been conducted around Nyacol and WAC (Figure 1-2) to evaluate 

geology and hydrogeology, and approximately 15 wells are currently located on these two properties. 

 

The EPIC study (EPA, 1989) inferred a former channel of the Sudbury River, located south of the 

current River and Mill Pond, near the current railroad tracks. Near WAC, the former channel is 

mapped north of the railroad tracks and includes current DNAPL extraction well MW-113A (Figure 

1-8). The mapped former channel also includes an oval-shaped trough in the top surface of the 

bedrock in the MW-113A area (Figure 1-9) and a photolineament intersection. This latter feature 

may represent an area where bedrock fracture zones intersect and where the bedrock was more 

susceptible to erosion and channelization by the Sudbury River.  

 

A bedrock low associated with MW-113A/B is located north of the railroad tracks (WAC; see inset 

on Figure 1-9), with top of bedrock between 38 and 43 feet bgs, although MW-113A/B is at the 

west end of the oval-shaped bedrock low, not in the center, which is the deepest location. Bedrock 

is slightly shallower to the east (SB-601 and MW-112A/B), at 32-35 feet bgs. Boring logs from the 

DNAPL investigation (ICF, 2006) and the step drilling investigations (Nobis, 2010 and 2012) at 

WAC indicate that the subsurface material consists primarily of fine to coarse sand with cobbles 

and little silt. However, silt/sand units up to 10 feet thick were also encountered. Overburden 

materials encountered during the step drilling investigations (Nobis, 2010 and 2012) were 

interpreted (from shallower to deeper) as fill, outwash, lacustrine, and till overlying bedrock. Not 

all formation types were encountered in each boring, and glacial outwash was more prevalent at 

WAC, north of the railroad tracks, than at Nyacol, south of the tracks. 

 

Bedrock is generally shallower south of the railroad tracks. Immediately south of the tracks, depth 

to bedrock is approximately 33 feet bgs. Near the former concrete vault (approximately 100 feet 

south of the railroad tracks), depths to bedrock vary from 9 to 20 feet bgs. At the foot of the landfill, 

depth to bedrock is approximately 15 feet bgs. Surficial deposits in this area range from fill 



 

NH-4537-2020-DF 12 Nobis Engineering, Inc. 

(generally sandy silt) to sand/gravel mixes to till above the bedrock surface. Thick silt layers (up 

to 20 feet thick) were also encountered immediately south of the railroad tracks. 

 

Plume Area Geology 

The depth to bedrock within the core downgradient plume, which can be generally defined as the 

area from MW-203A/B to MW-115A/B (see closed contour on Figure 1-9), is approximately 70 

feet bgs. Downgradient of this area, depth to bedrock decreases to approximately 60 feet bgs 

(RMW-405A/B) and then to 40 feet bgs across the Sudbury River (MW-403A/B). Overburden 

deposits in the area downgradient of Nyacol/WAC, as shown in cross-section F-F’ of the OU2 RI 

(Ebasco, 1991a), consist of a thin fill layer above interbedded glacial fluvial and glacial lacustrine 

materials. Ebasco also identified a cobble/boulder zone above bedrock near MW-203 and close 

to the river. However, none of the wells installed for the RI (up to the MW-300-series wells) were 

screened in this zone. 

 

1.4.1.2 Hydrogeology 

Groundwater flows to the northeast from the landfill and former Nyanza facility. Near the railroad 

tracks, the groundwater flows in a more easterly direction, parallel to the portion of the Sudbury 

River that is upstream of the dam. Figure 1-8 and Figure 1-9 depict the most recent and complete 

water level elevation data (fall 2017) for overburden and bedrock groundwater, respectively. 

 

The measured water levels from 2013 to 2015 (the most complete data sets available, as 

described in Nobis, 2016) were used to calculate the horizontal gradient for both overburden and 

bedrock (Table 1-2). Two hydraulic gradients were calculated for each unit based on available 

monitoring well data: a northern flow line starting from the former WAC and following 

approximately the northern edge of the center plume area; and a southern flow line starting from 

the northern edge of the landfill and running along the southern edge of the center plume area. 

Most of the horizontal gradients were below 0.01 ft/ft. The highest horizontal gradients were in 

bedrock along the flow line from the landfill to the southern edge of the center plume area. 

Horizontal gradients tended to be slightly higher in the spring (high groundwater conditions), but 

the difference between rounds was small.  

 

Vertical hydraulic gradients were calculated for locations with a bedrock well and an overburden 

well in close proximity (Nobis, 2016). Vertical gradients were calculated by dividing the difference 
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in water elevations in the two wells by the difference in elevation of the saturated screen midpoints 

for the two wells. If multiple bedrock wells were located in the same area, the deepest bedrock 

well was used for the calculation. Vertical gradients are tabulated in Table 1-3. Vertical gradients 

tended to be low (less than 0.02 ft/ft). Well pairs with strongly negative or positive vertical 

gradients for multiple water level rounds include MW-03A/B, MW-104A/B, MW-107/MW-06B, 

MW-203A/B, MW-503A/B, and MW-505A/B. Most of these wells were located close to the landfill. 

Vertical gradients are also shown in Figure 1-10 and Figure 1-11 for low groundwater conditions 

and high groundwater conditions, respectively. Vertical gradients were generally similar for both 

conditions. They tended to be mixed but generally downward northeast (downgradient) of the 

landfill, very low to slightly upward at the plume center, upward at the northeast end of the plume, 

and flat or variable southeast of the end of the plume. 

  

Nobis collected water level measurements in Mill Pond and selected nearby monitoring wells 

approximately bi-weekly from August 2015 to March 2016 (Nobis, 2016). The measurements 

indicated that horizontal and vertical gradients between groundwater and surface water have 

occasionally reversed directions. For example, discharge of groundwater to surface water is 

expected; horizontal and vertical gradients calculated from the water levels were often consistent 

with this. However, on several dates, water levels in Mill Pond were higher than those in nearby 

wells and piezometers, indicating downward vertical gradients. These conditions favor flow of 

water from Mill Pond to groundwater. This suggests that surface water may recharge to 

groundwater and vice versa at different times, and that the Mill Pond dam creates an artificial 

condition that may divert the groundwater plume in a more easterly direction. 

 

Hydraulic conductivities were calculated during the RI using rising head tests (overburden and 

bedrock), packer tests (bedrock) and grain size analysis (overburden). The hydraulic conductivity 

in the glacio-fluvial sediment ranged from 0.04 to 48 feet/day, with the higher values from the 

wells downgradient of the Site to the southeast. Hydraulic conductivity values in the glacio-

lacustrine sediment ranged from 0.05 to 6 feet/day. Grain size analysis indicated that some 

stringers of clean sand had much higher conductivity (more than 100 feet per day), which were 

not reflected in the much larger-scale rising head tests in the same location. Hydraulic conductivity 

in the bedrock ranged from 0.002 to 23 feet/day; however, these values do not include the bedrock 

boreholes with no packer test response (approximately 30 percent of the boreholes tested), and 

the bedrock matrix is expected to have generally low conductivity overall. 

 



 

NH-4537-2020-DF 14 Nobis Engineering, Inc. 

Slug tests on wells MW-113A and B-5/MW, conducted during the 2009 step drilling investigation, 

yielded a hydraulic conductivity of 2.00 – 2.35 feet/day for the former well and 9.39 feet/day for 

the latter well (Nobis, 2010). 

 

Overburden groundwater velocity was estimated to range from 0.03 to 0.07 feet/day and bedrock 

groundwater velocity was estimated to range up to 0.03 feet/day, based on previously reported 

hydraulic conductivities and 2015 gradients (Nobis, 2016). Note that individual bedrock fractures 

may have much higher groundwater velocities. 

 

1.4.2 Contamination Sources 

Nyanza, Inc. and its predecessors manufactured a wide variety of dyes and intermediates from 

1917 to 1978. The Preliminary Site Assessment (DEQE, 1980) identified product usage, major 

process flow sheets, and waste management practices.  

 

In one year (1967), Nyanza, Inc. produced 76 different dyes and 49 intermediate products, with a total 

production of approximately 1.6 million pounds. Only partial records were available to DEQE, but the 

bulk raw material was considered to be similar for previous years. Primary solvents purchased in 1970 

included nitrobenzene (30,250 pounds [lb]), 2-nitrochlorobenzene (20,850 lb), 2-nitrotoluene (25,000 

lb), and TCE (1,000 lb). Other major raw materials purchased included phenol (23,660 lb), and many 

salts, acids, especially hydrochloric acid (more than 1 million lb) and bases such as soda ash (310,000 

lb), caustic liquid (242,000 lb) and caustic soda flakes (266,000 lb). 

 

Liquid wastes were collected in sewers and partially treated as early as 1919, but wastewaters 

from un-sewered buildings and an emergency bypass system were directly discharged to a ditch 

next to the railroad tracks (Chemical Brook; Figure 1-2). Sludge was assumed to be dewatered 

and then buried at various locations onsite prior to 1960, while from 1960-1978, the sludges were 

pumped or hauled to the top of Megunko Hill to evaporate or drain to the subsurface and then 

covered with fill. A 1960 process change resulted in the generation of larger volumes of sludge 

(an estimated 17 cubic yards [cy]/day), and DEQE assumed that over 50% of the wastewater was 

bypassed without any treatment. In 1970 or 1971, the discharge was tied into the Metropolitan 

District Commission sewer and all bypass lines were removed. The system was also modified in 

1974 to reduce the production of wet sludge to 0.185 cy/day. Off-spec solid material, distillation 

residue, and process solid wastes were placed in drums and buried onsite. 
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The OU2 RI (Ebasco, 1991a) and the DNAPL Alternatives Memorandum (ICF, 2006) identified 

the following potential DNAPL source areas. These features are shown on Figure 1-2.  

 

Former Concrete Vault 

This former vault located on the Nyacol property was used to collect wastewater, and was estimated 

to be 80 feet long, 40 feet wide, and 8 feet deep. Sludges from the vault were pumped into on-site 

pits, and liquids were separated and discharged into Chemical Brook. Samples from a 1987-1988 

cleanup of the vault and surrounding soils contained high concentrations of TCE (25 milligrams per 

liter [mg/L]), chlorobenzene (100 to 200 mg/L), 1,2-dichlorobenzene (DCB) (1,000 mg/L), 1,4-DCB 

(340 mg/L), and nitrobenzene (1,500 mg/L). A crack was observed in the north wall of the vault. 

The vault was determined to be the largest single source of contamination to groundwater. 

 

From 1987-1988, the EPA and DEQE performed an emergency cleanup of the vault wastes and 

surrounding soils. The vault contents (2,512 tons of sludge) and adjacent soils (309 tons) were 

removed. 

 

The 2009 and 2012 step-drilling investigations (Nobis, 2010 and 2012) to locate DNAPL focused 

on the area downgradient of the vault. 

 

Chemical Brook 

Chemical Brook is believed to have received overflow from the concrete vault. In 1990, the upper 6 to 

12 inches of soil was excavated from the channel without reaching the limit of organic contamination, 

but no dark staining characteristic of non-aqueous phase liquid (NAPL) was encountered. 

 

Former Lined Lagoons 

Two lagoons located northeast of the Megunko Hill capped area (the former Megunko Hill dump; 

a.k.a. landfill) received process wastewaters which were neutralized with ammonia, lime, or 

sodium hydroxide. The concentrations of VOCs, SVOCs, and other chemicals in these 

wastewaters are not known. There are no reports of substantial quantities of NAPL-stained soils 

associated with the lagoons. 
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Megunko Hill Dump 

Investigators initially estimated that 6,000 or more barrels of chemical waste were buried on-site, 

including on Megunko Hill. While the Megunko Hill dump contained organic sludges, no discrete 

concentrated sources of organic contamination were identified in the RI (Ebasco, 1991). The 

landfill has been capped, but a bottom liner was not installed. 

 

Area E 

Area E, located east of Nyacol and near the railroad tracks, was found to contain soils heavily 

contaminated with organic chemicals. The area was partially remediated in 1990, but excavation 

stopped at the water table. The concentrations of organic chemicals in the remaining soil 

exceeded background but were not reported to be characteristic of NAPL saturation. 

 

ICF (2006) provides additional discussion of each of these source areas.  

 

1.4.3 DNAPL Description 

DNAPL was first discovered in MW-113A, a well located at the WAC facility (see Figure 1-6). The 

material was a reddish to dark brown liquid with a low viscosity and a very strong almond-like 

chemical odor. During the 2012 step-drilling investigation (Nobis, 2012), DNAPL contamination 

was encountered in MW/B-11. DNAPL was previously detected in RW-1, MW/B-5, and SB-600, 

but is no longer detected in these wells. DNAPL thickness up to 4.4 feet has been measured 

during previous investigations (ICF, 2006). 

 

The DNAPL from MW-113A was determined to have a density of 1.233, a kinematic viscosity of 

0.973 centistokes at 100°F, a surface tension of 39.1 dynes/cm, and a flash point of >200°F (ICF, 

2006). The 2017 DNAPL fingerprinting analysis (Nobis, 2017) found that the most significant 

individual constituents were 1,2-DCB (30 percent), nitrobenzene (17 percent), chlorobenzene (3.1 

percent), 1,4-DCB (7.0 percent), TCE (1.2 percent), 1,3-DCB (1.3 percent), and 1,2,4-

trichlorobenzene (TCB) (1.0 percent). DNAPL was not available to sample in 2018. These 

concentrations are generally within 2 percent of those detected in 2015 (Nobis, 2016) and like 

those detected in 2001 (ICF, 2006). 
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As discussed in Section 1.3.5, DNAPL recovery systems have been installed at WAC and Nyacol. 

Free-phase product is often observed at MW-113A, while a DNAPL/water emulsion is usually 

present at MW/B-11. As of 2018, an estimated 246 gallons of DNAPL have been removed from 

WAC and 233 gallons of a DNAPL/water emulsion have been removed from Nyacol since start of 

recovery in 2013 (Nobis, 2018b). 

 

ICF (2006) delineated a high-probability DNAPL zone, in which DNAPL may be present. The high-

probability DNAPL zone was estimated to be 400 feet in diameter and surrounding the former vault 

and WAC building, and is depicted in Figure 1-12. ICF noted that any DNAPL is likely to be 

discontinuous. This was confirmed by the results of the step drilling investigations (Nobis, 2010 and 

2012), which encountered DNAPL in only one boring (MW/B-11). Also, lack of water level response 

in nearby bedrock wells when a bedrock well was pumped for redevelopment (Nobis, 2010) 

suggests the relative hydraulic isolation of fractures (which might contain DNAPL) in this area.  

 

The vertical extent and thickness of DNAPL in the subsurface is unknown, as product can 

accumulate in wells to a greater thickness than present in the surrounding material. However, the 

DNAPL is likely to be relatively thin, and may have accumulated on the bedrock surface or 

migrated downward via bedrock fractures. 

 

1.4.4 Contaminant Distribution 

Recent groundwater analytical results were compared to the federal MCL in order to evaluate 

contaminant distribution. Based on the results of the 2017-2018 sampling round (Nobis, 2018a), 

eight compounds exceeded the MCL: three chloroethenes (TCE, cis-1,2-dichloroethene [DCE], 

and vinyl chloride [VC], four chlorobenzenes (1,2,4-TCB, 1,2-DCB, 1,4-DCB, and chlorobenzene), 

and benzene.  

 

The MCL is based on potential impacts to drinking water. However, the only area determined to 

be a potential source of drinking water is the PPA (the green area on Figure 1-2). In 2018, 

MassDEP reduced the size of the original PPA to include only areas west of and including 191 

Pleasant Street. There are no monitoring wells within the footprint of the revised PPA. Figure 1-2 

shows the revised PPA based on new maps and documents by MassDEP provided to EPA 

(MassDEP, 2019).  
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Contaminant distribution maps are shown on Figures 1-12 and 1-13 and Figure 1-16 through 1-

27 for overburden and bedrock groundwater for seven chlorinated ethenes (TCE, cis-1,2-DCE, 

vinyl chloride) and chlorinated benzenes (1,2,4-TCB, 1,4-DCB, 1,2-DCB, and chlorobenzene) that 

have exceeded the MCL. Although benzene exceeded the MCL, its distribution pattern does not 

suggest that it is related to Site activities. The most recent benzene detections in groundwater did 

not exceed the site-specific VISL. 

 

The contaminant distribution maps use 2017 and 2018 data where available, supplemented by 

2015 data where not sampled in 2017 or 2018. Contaminant distributions in overburden are 

shown as isoconcentration contours and in bedrock are shown as circles, color-coded based on 

contaminant concentrations, around the wells.  Bedrock contamination distribution depends on 

contaminant transport through irregular bedrock fractures and other factors and may not directly 

connect between monitoring wells. In general, the elevated groundwater concentrations begin 

northeast (downgradient) of Megunko Hill and the landfill and extend to the Sudbury River to the 

northeast and east. The highest concentrations of contaminants detected in groundwater are 

downgradient of the former vault location, with two areas of higher concentrations: one 

downgradient of the landfill and near the former vault, and the other to the east of the former vault. 

The proportion of chlorinated benzenes is relatively low compared to that of TCE downgradient 

of the landfill and upgradient of the former vault. The highest VOC concentrations are located 

close to the former concrete vault in bedrock and at the bedrock-overburden interface (well MW/B-

5).  

 

As described in Section 1.4.1, areas of specific interest to the FS are the Nyacol and WAC 

properties and the downgradient plume area (north and south of the area from MW-203A/B to 

MW-115A/B (see closed contour on Figure 1-9), along and south of the eastern end of Pleasant 

Street). These areas are described in more detail in Section 2.1.3. Contamination specific to these 

areas is described below. 

 

Nyacol/WAC/Railroad Area  

The highest chlorinated ethene and chlorinated benzene concentrations are close to the railroad 

tracks, at MW/B-5 (screened 4 feet into the top of rock), MW-113A (screened from 3 to 8 feet 

below the top of rock), and SB-600 (open bedrock borehole from 1-27 feet below top of rock). 

Less elevated concentrations were detected at nearby wells MW-113B (13.5 to 18.5 feet above 
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top of rock); RW-1 (screened across the bedrock interface) downgradient of the railroad tracks; 

and at MW/B-11, which is a DNAPL recovery well screened from 2 to 12 feet below top of rock 

and may be slightly upgradient of the highest contamination in this area. 

 

Note that many monitoring wells are located in this area, particularly south of the main building at 

WAC. These wells are included in the groundwater elevation measurement rounds but have not 

been sampled for laboratory analysis in more than 15 years; therefore, the current concentration 

of groundwater from these wells is unknown.  

 

Northeast of Landfill 

The area immediately downgradient of the landfill has very little saturated overburden. Bedrock 

wells MW-402 (screened 80 to 85 feet below top of rock) and MW-503B (screened 5 to 15 feet 

below top of rock) have TCE concentrations above 5 mg/L, moderate cis-1,2-DCE concentrations 

(close to 0.4 mg/L), and chlorinated benzenes were not detected. The absence of chlorinated 

benzenes and the depth of the contamination suggest a separate source for this contamination, 

which is assumed to be the landfill. 

 

Downgradient Plume 

Bedrock monitoring wells downgradient of the former Nyanza facility have relatively high 

chlorinated ethene and chlorinated benzene concentrations close to the Sudbury River (MW-304B 

and MW-305B) that generally appear to extend to MW-203 and then MW-115A to the east. As 

shown on Figure 1-13, there appear to be two “hot spot” areas of high concentrations in bedrock 

groundwater. The MW-304A/RMW-305A area coincides with a northeast trending photolineament 

that may represent a bedrock fracture zone and potential contaminant transport pathway. The 

MW-115A hot spot coincides with low top-of-bedrock elevation, but any causal association is 

unclear. Vertical gradients between overburden and bedrock water levels are very small in both 

hot spot locations (Table 1-3, Figure 1-10, and Figure 1-11). Overburden concentrations are 

generally lower closer to the river, especially compared with bedrock concentrations in the same 

well clusters and are highest in an area extending generally from MW-202 and MW-203B in the 

west to RMW-405B in the east (farther east than detected in bedrock). 
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1.4.5 Contaminant Fate and Transport 

In general, the CSM outlined in the RI (Ebasco, 1991a) for VOC fate and transport has been supported 

by later work (ICF, 2006 and Nobis, 2016). The highest concentrations of chlorinated ethenes, 

chlorinated benzenes, and nitrobenzene (including DNAPL) are in the bedrock immediately 

downgradient of the former concrete vault. ICF (2006) delineated a high-probability DNAPL zone in 

which DNAPL may be present in the overburden and weathered bedrock. The presence of DNAPL 

and elevated concentrations of related dissolved-phase organic chemicals indicate that the 

contaminants from the vault migrated downward as a DNAPL via density-driven flow.  

 

ICF (2006) determined that most of the DNAPL was likely to be located within a 2-acre area 

around the former vault area (Figure 1-12) and was likely present as a relatively thin and 

discontinuous unit on top of bedrock and within the upper, more fractured bedrock. The later step 

drilling investigations (Nobis, 2010 and 2012) identified a few more locations with DNAPL and 

better defined the bedrock depression where some of the DNAPL may have come to rest; 

however, it is likely that a significant portion of the impacted media has not been intercepted by 

the previous subsurface investigations. Given the timeframe of facility use (up to 100 years of 

manufacturing), fluids (including DNAPL) have likely migrated into dead-end fractures and sorbed 

extensively to the contaminant matrix in areas of minimal groundwater flow. Individual bedrock 

fractures may be hydraulically isolated from other nearby fractures. Thus, isolated accumulations 

of DNAPL may remain within bedrock fractures. Available evidence does not suggest that DNAPL 

has migrated in fractures away from Nyacol/WAC; however, bedrock data are limited immediately 

north and east of these properties. 

 

Soil in the potential DNAPL area identified by ICF (Figure 1-12) consists primarily of silty sand 

and fine sand, with the percentage of fines ranging from 1.5 to 33.5 percent (ICF, 2006), 

suggesting that residual contamination may be entrained within the finer material. Previous 

investigations (i.e. Ebasco, 1991) identified some areas of stratified sands and silts indicative of 

glaciolacustrine deposits within the overburden plume area. These depositional layers of 

alternating sand and silt, although small in scale, can behave as important pathways for lateral 

DNAPL migration and may be significant reservoirs for residual DNAPL contaminant mass. 

Borings installed for the RI (Ebasco, 1991) also encountered zones in the plume area with 

significant gravel, cobbles, and boulders, which may allow for preferential flow.  
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Fracture trace analysis (EPA, 1989) mapped two photolineaments interpreted as fracture zones 

intersecting areas of high concentrations: one potential fracture zone extending from the northeast 

edge of Megunko Hill and running north-northwest to intersect the Sudbury River just west of WP-

102; and one potential fracture zone starting north of the former vault and extending to the 

northeast just west of the MW-304 cluster. (See photolineaments in Figure 1-9). The highest 

concentrations of TCE are located along the northeast-trending fracture, and relatively high 

concentrations of both chlorinated benzenes and ethenes extend roughly along this orientation to 

the MW-304 cluster. The northwest fracture orientations run transverse to groundwater flow and 

may explain why the groundwater plume is relatively broad in bedrock. Also, a former Sudbury 

River channel and mapped depression in the upper bedrock surface occur in the same area as 

high concentrations near WAC and the northeast-trending fracture zone (Figure 1-9 and Nobis, 

2016, Section 1.2). Dissolved-phase contaminant distributions (as of fall 2015) are illustrated in 

two cross- sections along the length of the plume (Figure 1-14 and 1-15). 

 

Vertical hydraulic gradients adjacent to the Sudbury River indicate potential for reversing 

groundwater flow to and from the river in the Mill Pond area, so contamination near the MW-304 

and MW-305 clusters may migrate downgradient (east) when conditions do not favor discharge 

northward to Mill Pond. Groundwater gradients appear to be consistently upward at the far 

northeast edge of the plume, suggesting that Sudbury River may be intercepting groundwater 

downstream of the Mill Pond Dam and cutting off the plume (Nobis, 2016). Impacts to the Sudbury 

River were evaluated under OU4. 

 

The distribution of contaminants in the overburden (Figure 1-12, Figure 1-16, Figure 1-18, Figure 

1-20, Figure 1-22, and Figure 1-24) suggest that the overburden plume is disconnected, with one 

plume associated with the Nyacol/WAC potential DNAPL zone/area northeast of the landfill, and 

one plume several hundred feet downgradient. No monitoring wells are available in the area 

immediately south of Pleasant Street between these two plumes; however, available monitoring 

wells to the north (MW-305B) and south (MW-112B) were non-detect for the primary contaminants 

and the wells further to the east (MW-304B and MW-06A, respectively) also had relatively low 

concentrations. There are a few possible explanations for this distribution: 

 

• Migration from bedrock: As shown in Figure 1-9, the bedrock elevation decreases away 

from the source zone, and an apparent bedrock trough has been identified in the 

monitoring wells at the core of the overburden downgradient plume (MW-203A/B and MW-
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115A/B). If a confining unit such as till is not present, groundwater may emanate from 

bedrock to overburden as the bedrock slopes downward. In addition, while the hydraulic 

gradients are generally low at the Site, upward gradients have been observed in the 

downgradient plume area at MW-203A/B and MW-115A/B. Therefore, it is possible that 

groundwater in the deep overburden has been or is being contaminated by bedrock 

groundwater. 

 

• Residual contaminant mass: As described in Section 1.4.1.1 above, both glacial lacustrine 

and fluvial deposits were encountered in the downgradient plume area. Residual 

contamination may be entrained within the finer-grained units. Given the age of the 

potential sources of contamination (manufacturing starting in 1917), it is possible that the 

aquifer materials that were more coarse-grained allowed for more dilution and natural 

attenuation, allowing for more degradation in the area west (upgradient) of the current 

downgradient hotspots. The influence of the Sudbury River and Mill Pond may have also 

allowed for additional groundwater flow in some areas (flushing activity), which may have 

allowed for natural attenuation via dilution and enhanced biodegradation while leaving 

“relict” contamination in place in the core of the plume downgradient. 

 

• Additional sources: While much of the area above the overburden plume is residential, 

some additional industrial/commercial properties are located downgradient of 

Nyacol/WAC. Previously unknown releases may cause a secondary plume to develop; 

however, this is considered to be unlikely because the primary Nyanza-associated 

contaminants, including both chlorinated benzenes and ethenes, have similar overburden 

distributions, suggesting a source in common with the Nyacol/WAC area. It is unlikely that 

other incidental spills would have a similar chemical footprint. As described in Nobis, 2016, 

one potential downgradient contributor was identified east of Main Street, but this potential 

source is downgradient of the overburden hotspot. 

 

1.4.6 Contaminant Attenuation 

Nobis evaluated the natural attenuation of chlorinated ethenes and chlorinated benzenes at 

individual locations using several lines of evidence: statistically significant contaminant trends, 

historical contaminant trends (not statistically significant), historical molar fraction trends, and 
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redox conditions. The complete natural attenuation evaluation update including 2017 and 2018 

results is included in Appendix A. 

 

Chlorinated Ethenes 

Chlorinated ethenes, particularly TCE, generally degrade more readily under anaerobic conditions. 

 

As discussed in Appendix A and shown in Figure A-11 and A-12, three overburden wells and one 

bedrock well downgradient of Nyacol/WAC have strong evidence for natural attenuation of TCE. 

Two overburden wells and one bedrock well at Nyacol/WAC also have strong evidence for TCE 

natural attenuation. Additional wells at the plume edge with strong evidence for natural attenuation 

(one overburden well and three bedrock wells) may also reflect some degree of attenuation by 

dilution in addition to other mechanisms. Wells with less evidence for natural attenuation include 

three overburden plume edge wells, three bedrock wells downgradient of the landfill, and two wells 

near Nyacol/WAC. Thirteen wells (five in overburden and eight in bedrock) appear to be increasing 

in chlorinated ethene concentration and do not have any evidence of degradation. These locations 

are downgradient of the landfill, within the WAC facility, and in the downgradient plume. 

 

Comparison of the overburden and bedrock TCE plumes suggest that the leading edge of the 

plumes have decreased in concentration, and that the plumes may be starting to attenuate 

downgradient of the former Nyanza facility. However, concentrations of chlorinated ethenes at 

the WAC facility and downgradient of the landfill in the bedrock remain elevated. 

 

Chlorinated Benzenes 

Chlorinated benzenes are generally more resistant to biodegradation than chlorinated ethenes, 

and while they theoretically can degrade under anaerobic conditions, they are more readily 

degraded under aerobic conditions. 

 

For the natural attenuation evaluation, 1,2-DCB was used as the primary parent compound 

because it was generally detected at higher concentrations but with the same distribution pattern 

as 1,3-DCB and 1,4-DCB. In general, there is less evidence for attenuation of chlorinated 

benzenes at the Site.  
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As discussed in Appendix A and shown in Figure A-13 and A-14, only two overburden wells and 

one bedrock well had strong evidence of natural attenuation. Wells with less evidence for natural 

attenuation include one overburden well and two bedrock wells at Nyacol/WAC, two downgradient 

overburden wells, and one downgradient bedrock well. Seven overburden wells and six bedrock 

wells have increased DCB concentrations and do not have any evidence of degradation. These 

wells are scattered throughout the Site: within Nyacol/WAC, downgradient of the landfill, along 

the plume edge, and in the center of the downgradient plume. 

 

Although DCB plume maps are not available for the 2012 sampling, comparison of 2013 to 2017 

plume figures suggests that the plumes have essentially the same configuration, supporting the 

conclusion that the chlorinated benzene plumes in overburden and bedrock do not appear to be 

attenuating. Comparison with 1990 data (Ebasco, 1991a) suggests that concentrations at the 

outer edges of the plumes (for example, at MW-09A/B, MW-107, and RMW/MW-305A/B) have 

decreased by up to an order of magnitude; however, concentrations in the plume cores, such as 

at MW-115A/B, have remained similar. Overall, TCE concentrations have generally attenuated 

more than chlorinated benzenes. 

 

1.5 Risk Summary 

The original groundwater risk assessment (Ebasco, 1991b) evaluated total carcinogenic and non-

carcinogenic risk for the most probable scenario and the realistic worst-case scenario for two 

years of data (1988 and 1990) for groundwater: drinking water, showering, washing, and 

basement seepage. Total unacceptable groundwater cancer risk ranged from 2.8 x 10-2 to 1.3 x 

10-1, and total unacceptable noncarcinogenic risk ranged from 6.9 x 10+1 to 6.1 x 10+3. While an 

updated risk assessment for the scenarios listed has not been performed, the concentrations over 

time are generally consistent (Table 1-4).  Consistent levels of VOC contaminants, and in 

particular, TCE, currently found in groundwater would result in unacceptable risks if exposed by 

direct contact.   

 

ICF completed a human health risk assessment (HHRA) several years after the original OU2 ROD 

(ICF, 2005) to evaluate risks to individuals who may be exposed to indoor air at properties located 

above the Nyanza groundwater plume. This indoor air risk assessment did not evaluate 

groundwater risks directly. The assessment determined that incremental cancer risks exceeded the 

acceptable range of 1x10-4 to 1x10-6 in 2 out of 14 residences sampled using a central tendency 
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exposure (CTE) scenario and in 7 out of 14 residences using a reasonable maximum exposure 

(RME) scenario. TCE was found to contribute most of the estimated cancer risk. Only one residence 

had a non-cancer hazard index (HI) above one, primarily due to benzene. Petroleum products were 

observed in the basement that may have contributed to increased air VOC concentrations. The 

HHRA also modeled air concentrations based on groundwater concentrations using the Johnson-

Ettinger model, and the CTE scenario concentrations were found to be like the measured air 

concentrations. The modeled RME scenario concentrations were much higher than the measured 

air concentrations and were considered likely to be overestimated (ICF, 2005). This risk assessment 

was used as a basis for installation of 40 VMS, as described in Section 1.3.5. The properties with 

VMS are shown on Figure 1-4 and included in Table 1-1. 

 

The updated indoor air risk assessment (ICF, 2005) was included in an ESD (EPA, 2006), which 

required installation of VMS, indoor air testing, and installation of additional shallow overburden 

monitoring wells to characterize the groundwater plume. The ESD also recognized the need for 

long term ICs to prevent exposure to contaminated groundwater, while continuing the informal 

process in place at the time (review of permit applications within the plume area by local officials 

and referral to EPA as needed). 

 

A supplemental HHRA was performed for construction workers exposed to shallow groundwater 

and vapors during excavations (Appendix B). Contaminants of concern (COCs) identified for the 

supplemental HHRA included TCE, 1,2,4-TCB, chlorobenzene, and 1,2-DCB. The supplemental 

HHRA determined there to be an unacceptable non-cancer risk (or levels of non-cancer health 

hazards) to construction workers for exposure to shallow groundwater (ingestion and dermal 

exposure routes) and trench air vapors. The non-cancer HI is greater than the EPA target of one, 

reflecting organ-specific HIs greater than one for effects on the developmental system, immune 

system, urinary system, kidney, liver, and body weight. The total cancer risk estimates were within 

the CERCLA acceptable cancer risk range of 10-6 to 10-4. The supplemental HHRA also included 

a vapor intrusion assessment that screened VOC results in shallow groundwater against VISLs 

for residents and commercial workers. The screening determined that the majority of the VISL 

exceedances would not result in an unacceptable risk to residents, but that maximum detections 

of 1,2,4-TCB and TCE would result in an HI greater than 1 (above EPA’s acceptable level). For 

the commercial worker, only the maximum detection of TCE would result in an HI above 1. The 

vapor intrusion screening noted that multiple lines of evidence should be used to establish the 
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potential for exposure via vapor exposure and that more data would be needed to determine if 

there is a potential for a vapor intrusion pathway. 

 

1.6 Basis for Action 

To determine whether a response action is warranted at a Superfund site, risk management 

decisions need to assess whether there is a basis for action (EPA, 1997). If one or more conditions 

identified below are met, then a basis for action will have been established to support the need 

for a response action under the CERCLA:  

 

• The cumulative excess carcinogenic risk to an individual exceeds EPA’s acceptable risk 

range of 1 x 10-4 to 1 x 10-6 (using RME assumptions) for either the current or reasonably 

anticipated future land use;  

 

• The non-carcinogenic HI is greater than 1 (using RME assumptions) for either the current 

or reasonably anticipated future land use;  

 

• Site contaminants cause adverse environmental impacts; or  

 

• Chemical-specific standards or other measures that define acceptable risk levels are 

exceeded, and exposure to contaminants above these acceptable levels is predicted for 

the RME.  

 

Contaminants present in groundwater were determined to pose potential unacceptable risks 

(exceeding cancer risk of 1x10-4 or HI of 1) based on the original risk assessment (Ebasco, 1991), 

which evaluated risk from drinking water as well as basement seepage scenarios. Groundwater use 

within the OU2 plume (as detected in the monitoring wells with exceedances of PRGs) is not 

anticipated. Groundwater analytical data is not available for the PPA. Therefore, potential groundwater 

use is not included in this FS. However, vapor intrusion impacts may occur based on the exceedance 

of the MassDEP GW-2 criteria and EPA VISLs. The indoor air HHRA (ICF, 2005) identified potential 

indoor air impacts from groundwater contamination. 

 

Properties with identified indoor air impacts have been provided with, or given the opportunity to 

be provided with, a VMS to eliminate the short-term risks identified. However, these VMS do not 
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address the source of contamination (the underlying groundwater) and do not meet a statutory 

preference to attain a permanent solution for the contamination. The VMS likewise do not address 

the potential for the groundwater plume to reach the Sudbury River and the wetlands near 

Nyacol/WAC, potentially impacting ecological receptors. Furthermore, desire by the MassDEP to 

eliminate or reduce the number of VMS is based on concern for the long-term effectiveness of 

the VMS, given that their use by residents or businesses is voluntary, and access from the 

property owners must be obtained to inspect the systems annually.  

 

Given that DNAPL remains in the Nyacol/WAC area and acts as an ongoing source of 

contamination, changes in subsurface conditions or to configuration of structures may cause 

future vapor intrusion risks. Therefore, the extremely elevated chlorinated ethene and chlorinated 

benzene concentrations in groundwater (three or more orders of magnitude above GW-2 vapor 

intrusion criteria and two or more orders of magnitude above VISLs) establish basis for action. 

 

1.7 Media of Concern 

The media of concern for OU2 were identified based on the results of the HHRAs as outlined in 

the original OU2 ROD (EPA, 1991a), were modified in the ESD (EPA, 2006) and described below. 

 

Groundwater 

Contaminants present in groundwater were determined to pose potentially unacceptable risks 

(exceeding cancer risk of 1x10-4 or HI of 1) based on the original risk assessment (Ebasco, 1991), 

which evaluated risk from drinking water as well as basement seepage scenarios. 

 

Indoor Air 

COCs present in indoor air in the downgradient plume area have been determined to pose 

unacceptable vapor intrusion risks. These COCs are present from volatilization from the 

underlying groundwater contaminant plume. Therefore, indoor air is identified as a medium of 

concern.  
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Surface Water 

The groundwater plume does intercept the Sudbury River east of Main Street. However, VOCs 

have not been identified as a contaminant of interest for the Sudbury River, which has been 

evaluated separately as OU4. Therefore, surface water is not considered to be a medium of 

concern for this FS. 

 

2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

This section identifies and screens remedial technologies using the process outlined in EPA RI/FS 

guidance, Principal Threats Guidance, Groundwater Presumptive Strategy, and the NCP (EPA, 

1988, 1991b and 1997). The FS process begins with the identification of remedial response 

objectives, which establish general cleanup goals, and identification of Applicable or Relevant 

and Appropriate Requirements (ARARs). Chemical-specific numerical cleanup standards (PRGs) 

are established based on ARARs and risk-based values, and estimates are made of the areas 

and volumes of media that exceed PRGs.  

 

The goal of the Superfund program as stated in the NCP at 40 CFR 300.430(a)(1)(i) is to select 

remedies that are protective of human health and the environment, that maintain protection over 

time, and that minimize untreated waste. To reach this goal, the NCP enumerates several 

expectations at 40 CFR 300.430(a)(1)(iii)(A-F): 

 

• to use treatment to address principal threats posed by a site wherever practicable; 

 

• to use engineering controls, such as containment, for waste that poses a relatively low 

long-term threat or where treatment is impracticable; 

 

• to use a combination of methods, as appropriate, to achieve protection of human health 

and the environment; 

 

• to use ICs, such as water use and deed restrictions, to supplement engineering controls 

as appropriate for short- and long-term management to prevent or limit exposure to 

hazardous substances, pollutants, or contaminants; 
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• to consider innovative technology where such technology offers the potential for 

comparable or superior performance or implementability, fewer or less adverse impacts 

than other available approaches, or lower costs for similar levels of performance than 

demonstrated technologies; and 

 

• to return usable groundwater to beneficial uses wherever practicable, within a time frame 

that is reasonable given the circumstances of the site; when restoration of groundwater to 

beneficial uses is not practicable, prevent further plume migration, prevent exposure to 

the contaminated groundwater, and evaluate further risk reduction. 

 

Identification of Principal and Low-Level Threat Wastes 

Under the NCP, treatment should be used to address the principal threats at a site wherever 

practicable. Engineering controls, such as containment, may be used for wastes that pose a 

relatively low long-term threat or where treatment is impracticable (40 CFR 300.430(a)(1)(iii)). 

Determination of principal threat and low-level threat wastes depends on site-specific 

characterization. Source material is defined as material that includes or contains hazardous 

substances, pollutants, or contaminants that act as a reservoir for migration of contamination to 

groundwater, surface water, or air, or that act as a source for direct exposure (Office of Solid 

Waste and Emergency Response [OSWER] 9380.3-06FS [EPA, 1991b]). Contaminated 

groundwater generally is not considered to be source material, although NAPLs generally are. 

 

Principal threat wastes are those source materials considered to be highly toxic or highly mobile 

that cannot be reliably contained or that would present a significant risk to human health or the 

environment should exposure occur (EPA, 1991b). The reasonably anticipated future land use at 

a site is significant in defining principal threat waste areas. Pursuant to the NCP and 1995 

guidance regarding land use in the remedy selection process (EPA, 1995), current land use and 

reasonably anticipated future land use should be considered in identifying realistic exposure 

scenarios for estimating site risks. Although no “threshold level” of risk has been established to 

identify principal threat waste, a general rule of thumb is to consider a principal threat those source 

materials with toxicity and mobility characteristics that pose a potential risk several orders of 

magnitude greater than the risk that is acceptable for the current or reasonably anticipated future 

land use, given realistic exposure scenarios (EPA, 1997). Furthermore, characterizing a waste as 

a principal threat does not necessarily mean that the waste poses the primary risk at a site.  
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Low-level threat wastes are those source materials that generally can be readily contained and 

that would present only a low risk in the event of a release or exposure. Examples of wastes 

generally considered to constitute low-level threats include soil containing contaminants that are 

relatively immobile in air or groundwater (i.e., non-liquid, low volatility, low leachability) in the 

specific environmental setting and soil containing contaminant concentrations that are not greatly 

above reference dose (RfD) levels or that present an excess cancer risk near the acceptable risk 

range (EPA, 1991b). 

 

The current principal threat waste for Nyanza is the DNAPL described in Section 1.4.3, and the 

elevated concentrations of chlorinated ethenes and benzenes associated with the DNAPL. 

 

2.1 Development of RAOs 

RAOs consist of medium-specific, quantitative goals defining the extent of remediation required 

to protect human health and the environment. They specify COCs, exposure routes and 

receptors, and PRGs. In the case of groundwater, they also include a restoration time frame. 

RAOs are used as the framework for developing remedial alternatives. To develop RAOs, it is 

first necessary to identify ARARs and PRGs. 

 

2.1.1 Applicable or Appropriate and Relevant Requirements and 
To-Be-Considered Criteria 

A preliminary identification of ARARs and To-Be-Considered (TBC) criteria (i.e. non-promulgated 

advisories or guidance) for the Site was performed to support the development of RAOs. The 

ARARs and TBCs have been characterized as chemical-specific, location-specific, or action-

specific. Preliminary State and Federal regulations, policies, and guidelines are summarized and 

presented in Tables 2-1, 2-2, and 2-3. The identification of ARARs for individual remedial 

alternatives and the evaluation of compliance with ARARs is presented in Section 4. 

 

CERCLA and the NCP require that Superfund RAs must attain federal standards, requirements, 

limitations, or more stringent state standards that are determined to be legally applicable or 

relevant and appropriate to the circumstances at a given site. ARARs are federal and state 

environmental and facility-siting requirements used to: (1) evaluate the appropriate extent of site 

cleanup; (2) define and formulate RA alternatives; and (3) govern implementation and operation 
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of the selected action. Inherent in the interpretation of ARARs is the assumption that protection 

of human health and the environment is ensured. 

 

Definitions of ARARs and TBC Criteria 

The NCP defines two ARAR components: (1) applicable requirements; and (2) relevant and 

appropriate requirements. Requirements under federal or state law may be either applicable or 

relevant and appropriate to CERCLA cleanup actions, but not both. These definitions are 

discussed below: 

 

Applicable Requirements: Applicable requirements are those cleanup standards, standards of 

control, and other substantive environmental protection requirements, criteria, or limitations 

promulgated under federal or state law that specifically address a hazardous substance, pollutant, 

contaminant, RA, location, or other circumstance at a CERCLA site (40 CFR 300.400(g)). To be 

applicable, a requirement must directly and fully address a CERCLA activity. For example, 

Resource Conservation and Recovery Act (RCRA) regulations governing the operation and 

design of a hazardous waste incinerator (40 CFR Part 264, Subpart O) apply to hazardous waste 

incinerators used at Superfund sites. To be considered applicable, state standards must be 

generally applicable, legally enforceable (i.e., promulgated), identified by the state in a timely 

manner, and more stringent than federal requirements (40 CFR 300.400(g)(4)). 

 

Relevant and Appropriate Requirements: Relevant and appropriate requirements are those 

cleanup standards, standards of control, and other substantive environmental protection 

requirements, criteria, or limitations that, while not applicable to a hazardous substance, pollutant, 

contaminant, RA, location or other circumstance at a CERCLA site, address problems or 

situations sufficiently similar to those encountered at the site, such that their use is well-suited to 

the particular site (40 CFR 300.400(g)(2)). These requirements must be both relevant and 

appropriate for compliance to be necessary. If two potential ARARs address the same issue, the 

more stringent regulation must be selected. As with applicable requirements, a state standard 

must be legally enforceable and more stringent than a corresponding federal standard to be 

considered relevant and appropriate (40 CFR 300.400(g)(4)). 

 

Only the substantive provisions of ARARs must be followed under a CERCLA remedy. 

Substantive requirements pertain directly to the actions or conditions at a site, while administrative 
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requirements facilitate their implementation (CERCLA §121(e)). The NCP defines on-site as “the 

aerial extent of contamination and all suitable areas in very close proximity to the contamination 

necessary for implementation of the response action.” As noted in the ARARs guidance (EPA, 

1988): “The CERCLA program has its own set of administrative procedures, which assure proper 

implementation of CERCLA. The application of additional or conflicting administrative 

requirements could result in delay or confusion.” To ensure that CERCLA response actions 

proceed as rapidly as possible, EPA has reaffirmed that administrative ARARs need not be 

followed for on-site response actions. The EPA recognizes that certain administrative 

requirements, such as consultation with state agencies or reporting, are accomplished through 

the state involvement and public participation requirements of the NCP. Off-site response actions 

must comply with both the substantive and administrative requirements of an applicable (but not 

a relevant and appropriate) regulation, but such regulations pertaining to off-site actions are not 

classified as ARARs (OSWER 9347.1-0).  

 

In the absence of federal or state ARARs, there are many criteria, advisories, and guidance values 

that are not legally binding, but may serve as useful guidance for response actions. These are 

TBC guidance (EPA, 1988). TBC criteria should be identified if they can be used to develop clean-

up goals or if they provide important information needed to properly design or perform a RA. Three 

categories of TBCs are: (1) health effects information with a high degree of certainty; (2) technical 

information on how to perform or evaluate site investigations or response actions; and (3) 

regulatory policy or proposed regulations (53 Federal Register [FR] 51436). 

 

ARARs and TBC criteria typically fall into one of three categories: location-specific, chemical-

specific, and action-specific. The following sections discuss these categories of ARARs and TBC 

criteria in further detail, as well as how they specifically apply to OU2. 

 

Location-Specific ARARs and TBC Criteria 

Location-specific ARARs and TBC criteria set restrictions on the implementation of remedial 

activities solely based on where they are (EPA, 1988). Location-specific ARARs are triggered by 

the presence of specific natural or manmade features or potentially affected resources at a 

disposal or cleanup site. Features and resources that can trigger location-specific ARARs include, 

but are not limited to, the following: 
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• seismic faults 

• caves, salt domes, salt beds, and underground mines 

• floodplains, wetlands, and water bodies 

• sensitive ecosystems 

• wilderness areas, wildlife refuges, wildlife resources, and scenic rivers 

• rare, threatened, or endangered species 

• archaeological resources and historic sites 

 

Of the features and resources listed above, the following will affect response actions for OU2: 

wetlands and waterbodies (Figure 1-3), floodplains, and potentially archaeological resources. 

Rare, threatened, or endangered species have not been identified in the relatively urban and 

developed study area; therefore, ARARs for wildlife refuges, wilderness areas, and sensitive 

species have not been included. A complete list of potential location-specific ARARs for OU2 is 

included in Table 2-1.  

 

Wetlands 

Most of the wetlands in the area are not located in the immediate vicinity of the potential OU2 

investigation and treatment areas, except for some wetland areas west of the Nyacol facility and east 

of the southern portion of WAC. The only potential work envisioned close to these areas is monitoring 

well installation; well construction can be located and planned to minimize impacts to wetlands. 

 

Floodplains 

Before EPA can select a clean-up alternative, Executive Order 11988 (Floodplain Management) 

and federal regulations at 44 CFR Part 9 require EPA to make a determination that there is no 

practicable alternative to activities that affect or result in the occupancy and modification of the 

100- and 500-year floodplain (or flood zone). The 100-year flood zone is equivalent to the area 

with a 1% chance of flooding in a year, which is denoted on Figure 1-3 as “Zone AE”. The 500-

year flood zone is equivalent to the area with a 0.2% chance of flooding in a year, which is denoted 

on Figure 1-3 as “Zone X”.  Through its analysis of alternatives, EPA has determined that 

proposed remedial activities for OU2 are not planned within Zone AE located north of Pleasant 

Street and south of the Sudbury River and Mill Pond.  Some remedial alternatives with treatment 

areas in the downgradient plume may be located within Zone AE located between the Sudbury 
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River and Main Street. Most of Zone X is not located near any potential OU2 remedial areas.  

Remedial activities in the downgradient plume would need to take the Zone AE and Zone X flood 

zones into consideration. For those alternatives involving actions that would result in permanent 

occupancy and modification of the floodplain, EPA would need to determine that no other 

practicable alternative is available. Remedial alternatives for the downgradient plume will be 

developed and evaluated to take these impacts into consideration. 

 

Historic Resources 

No historical structures or landmarks or archaeologically significant features have been identified at 

OU2. Because the land in the OU2 area is heavily developed for commercial/industrial or residential 

use, historically or archaeologically significant features are not anticipated to be present or are 

assumed to have already been disturbed. However, if a historic feature is identified during RD or 

RA, the State Historic Preservation Offices (SHPO) would be consulted to determine if any actions 

required by the alternatives would adversely impact that feature and what mitigation measures, if 

any, are required. 

 

Chemical-Specific ARARs and TBC Criteria 

Chemical specific ARARs and TBC criteria are usually health- or risk-based numerical values that 

establish the acceptable amount or concentration of a chemical that may remain in, or be 

discharged to, the environment (EPA, 1988). They govern the extent of site remediation by 

providing either actual cleanup levels, or the basis for calculating such levels. Potential chemical-

specific ARARs and TBC standards for OU2 are discussed below and listed in Table 2-2.  

 

Vapor intrusion has been identified as a significant potential risk from OU2 groundwater; however, 

promulgated standards are not available to use as ARARs. MassDEP GW-2 standards and EPA 

VISLs (for cancer target risk of 1x10-4 and non-cancer hazard quotient of 1; modified based on 

Site conditions) are considered TBC criteria. 

 

Action-Specific ARARs and TBC Criteria 

Action-specific ARARs and TBC Criteria are usually technology- or activity-based requirements 

or limitations actions taken to implement a proposed alternative (EPA, 1988). Selection of a 

response action at a site will invoke the appropriate action-specific ARARs, which may specify 
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performance standards or technologies, as well as specific environmental levels for discharged 

or residual chemicals. Since there are usually several possible alternative actions for any remedial 

site, very different requirements can come into play. 

 

Several of the most critical action-specific ARARs are discussed below. A complete list of potential 

action-specific ARARs for OU2 is included in Table 2-3.  

 

Hazardous Waste 

Alternatives involving DNAPL extraction and potentially some investigation-derived wastes (IDW) will 

need to comply with hazardous waste regulations, which govern storage, handling, transport, 

treatment, and disposal. EPA has delegated its authority for hazardous waste oversight to MassDEP. 

 

Air Quality 

Any alternatives that may involve generation of emissions (such as ex-situ groundwater 

treatment) must comply with emissions standards for VOCs and other potential air pollutants. 

These include National Emissions Standards for Hazardous Air Pollutants as well as 

Massachusetts air pollution control regulations.  

 

Water Treatment and Discharge 

Water generated from remediation actions and decontamination must be collected and treated 

prior to discharge to a publicly-owned treatment works (POTW) or discharge to surface water. 

Potentially applicable regulations include the Federal Clean Water Act (CWA) and Massachusetts 

surface water quality standards for discharges into surface water (including stormwater); federal 

and Massachusetts pretreatment standards for discharges into a POTW; and groundwater 

injection standards and control regulations for reinjection of treated groundwater. 

 

2.1.2 Non-ARAR Standards 

The Occupational Safety and Health Administration (OSHA) has promulgated standards for 

protection of workers who may be exposed to hazardous substances at RCRA or CERCLA sites 

(29 CFR Part 1910.120 and 1926.65). EPA requires compliance with the OSHA standards in the 

NCP (40 CFR 300.150), not through the ARAR process. Therefore, the OSHA standards are not 
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considered as ARARs. Although the requirements, standards, and regulations of OSHA are not 

ARARs, they will be complied with during response activities. 

 

2.1.3 Development of PRGs/Performance Standards 

PRGs to address potential vapor intrusion impacts from groundwater will apply to the entire Site. 

The PPA (potential drinking water) is not included in this FS; therefore, drinking water criteria are 

not considered to be PRGs.  Table 2-4 lists PRGs for groundwater COCs for the plume area. 

Appendix C provides an evaluation of the groundwater temperature and geologic conditions to 

support development of site-specific VISL PRGs. 

 

Based on the nature of the impacted media, the degree of contamination, and the physical and 

chemical characteristics of the contaminants, the area of OU2 impacts has been divided into two 

general AOCs as shown in Figure 2-1, as follows: 

 

• Nyacol/WAC AOC: includes the original manufacturing properties where historical 

releases resulted in soil, groundwater, and surface water impacts, including several 

potential zones of DNAPL impacts; and 

 

• Downgradient plume AOC: downgradient of the Nyacol/WAC AOC, where a dissolved 

groundwater plume has migrated to and impacted both the bedrock and overburden 

aquifers. These downgradient plume impacts have resulted in indoor air impacts to certain 

residential and commercial properties that are currently being addressed by active indoor 

air VMS.  

 

All other Site media are addressed under other OUs.  

 

2.1.4 Identification of RAOs 

The original RAOs for groundwater are described in the interim ROD (EPA, 1991a). These RAOs 

have been modified to address concerns that have arisen after the interim ROD was finalized. 

 

The RAOs for OU2 are as follows: 
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•  Prevent or minimize further migration of groundwater containing Site contaminants to the 

downgradient plume AOC, which is resulting in a long-term vapor intrusion risk. 

 

• Prevent future exposure of construction workers to groundwater containing Site 

contaminants that would result in a total excess lifetime cancer risk greater than the target 

risk range of 10-6 to 10-4, and/or a non-cancer HI greater than 1. 

 

• Prevent exposure of future building occupants to indoor air vapors, via a vapor intrusion 

pathway, containing Site contaminants that would result in a total excess lifetime cancer 

risk greater than the target risk range of 10-6 to 10-4, and/or a non-cancer Hazard Index 

greater than 1. 

 

Also, as required by CERCLA, compliance with ARARs must be achieved. 

 

Indoor air impacts were identified after the OU2 interim ROD (EPA, 1991a) was completed. The 

2006 ESD (EPA, 2006) clarified that the general goals for groundwater remediation were not 

modified, but that the goals were furthered by adding requirements to extract DNAPL and enacting 

engineering controls (VMS) to prevent inhalation exposures.  

 

The immediate impacts of the identified vapor intrusion risks will continue to be addressed, as long 

as needed, by the existing VMS under all the Remedial Alternatives under consideration in this FS. 

The remediation of groundwater to VISL-based PRGs would allow the VMS to be taken off-line in 

the future. 

 

2.2 Areas and Volumes of Media Exceeding PRGs 

Several organic contaminants have been identified as COCs in Nyanza groundwater, as 

described in Section 1.4.4. Of these, TCE is the most widespread. Therefore, plume maps for 

TCE based on the most recent data in overburden and bedrock (Figure 1-12 and Figure 1-13, 

respectively) were used to determine the areas and volumes of media exceeding PRGs. Areas 

and volumes of media exceeding PRGs are shown in Table 2-5. Example calculations and 

concentration data to support these areas and volumes are included in Appendix D. 
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Table 2-5 also includes estimates of sorbed contaminant mass in overburden and bedrock. 

Limited source delineation has been performed in the DNAPL area as outlined by ICF, 2006, and 

soil samples have not been collected for laboratory analysis within the core of the DNAPL area. 

In the absence of detailed information, the sorbed contaminant mass is assumed to be 30% of 

the contaminant mass in groundwater. Likewise, bedrock matrix samples have not been collected 

for laboratory chemical analysis. Previous work at the Eastland Woolen Mill site (Nobis and 

MACTEC Engineering and Consulting [MACTEC], 2005), which has a similar suite of 

contaminants and site history, identified an approximate 1:15 ratio of contaminant mass 

distribution between groundwater in fractures and the rock matrix adjacent to the fractures. Given 

that the bedrock beneath the Nyanza study area is crystalline granite and not metamorphic rock, 

this contaminant mass ratio was reduced to 1:10. 

 

2.3 General Response Actions 

GRAs are broad categories consisting of remedial technologies and process options that can be 

selected individually or in combination to meet the RAOs for OU2. GRAs are included in the FS 

process to give a range of responses for consideration for site remediation. The GRAs that are 

applicable to OU2 are described below.  

 

Table 2-6 presents a summary of the RAOs and GRAs identified for groundwater in this FS, along 

with an initial identification of the GRA types and process options that correspond to each GRA. 

 

No Action 

Under this response, no action would be taken to address impacted media. In accordance with 

the NCP and EPA’s RI/FS guidance (1988), a no-action response must be developed and 

evaluated to provide a baseline for comparison to other response actions. The No Action 

response does not include environmental monitoring or actions to reduce the potential for 

exposure (e.g., fencing, deed restrictions). It does include conducting five-year reviews if 

contaminants remain on-site above levels permitting unrestricted use and unlimited exposure, as 

required by CERCLA. 
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Limited Action 

The Limited Action response consists of the implementation and maintenance of institutional 

and/or engineered controls aimed at limiting access to an area and/or to media. ICs are non-

engineered, administrative and/or legal measures (e.g., land use restrictions [restrictive 

covenants] or informational/educational devices [deed notices]) that minimize the potential for 

exposure to contamination by limiting land or resource utilization. Engineered controls are 

physical deterrents (e.g., fencing or posted warnings) that serve to impede the potential for 

exposure to contamination. The Limited Action response may include environmental monitoring 

and/or other actions to reduce the potential for exposure.  

 

Containment 

Containment options are physical measures that are applied to the source(s) that aim to inhibit 

the migration of contaminants as well as prevent direct contact between contaminated media and 

potential receptors. Containment measures for groundwater may include methods to cut off the 

highest concentrations near WAC and Nyacol or to cut off the contamination to the downgradient 

groundwater plume either in-situ or via a cap to reduce recharge.  

 

Collection, Ex-Situ Treatment and Discharge  

For groundwater, this GRA involves the extraction and collection of groundwater via pumps, 

drainage trenches or other means, and then ex-situ treatment and discharge of groundwater. Ex-

situ treatment technologies consist of those processes that could be applied to treat impacted media 

after it has been removed from its current location. Ex-situ treatment aims to reduce the overall 

toxicity, mobility, and/or volume of the impacted media. Technology process options may be passive 

or active options and may be used in combination with collection and diversion features. 

 

Some alternatives for groundwater may use collection and treatment of vapors as well as 

groundwater and NAPL as part of active groundwater treatment. 

 

In-Situ Treatment 

In-situ treatment technologies consist of those biological, physical, chemical, and thermal 

processes that could be applied to treat impacted media in-place, without the need for removal. 
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In-situ treatment aims to reduce the overall toxicity, mobility, and/or volume of the impacted 

media. Technology process options may be passive or active options.  

 

2.4 Identification and Screening of Technologies and Process Options 

This subsection identifies and screens remedial technologies using the process outlined in EPA 

RI/FS guidance and the NCP (EPA, 1988, 1991, and 1997). First, technologies are identified to 

attain the RAOs established in Section 2.1.4 and to correspond to the categories of GRAs 

described in Section 2.3. Demonstrated performance of each technology for site contaminants 

and conditions is considered during technology identification. The result is a list of potential 

remedial technologies that are then screened based on their applicability to site- and waste-

limiting characteristics. The purpose of the screening is to produce an inventory of suitable 

technologies for the site media and AOCs that can be assembled into remedial alternatives 

capable of achieving the identified RAOs. An extensive list of potential technologies representing 

a range of GRAs (i.e., no action, ICs, containment, in-situ treatment, collection, ex-situ treatment, 

treatment, and disposal) was considered to develop the remedial alternatives.  

 

2.4.1 Technology Identification 

Categories of remedial technologies and specific process options were identified based on a review 

of literature, vendor information, performance data, and experience in developing other FSs under 

CERCLA. Technologies and process options that were considered potentially applicable to attaining 

the remedial response objectives for groundwater were selected for screening.  

 

2.4.2 Technology Screening 

The screening process assesses each technology or process option for its effectiveness and 

implementability regarding site conditions, known and suspected contaminants, and affected 

environmental media. The effectiveness evaluation focuses on: (1) whether the technology can 

handle the estimated areas or volumes of media and meeting the contaminant reduction goals 

identified in the RAOs; (2) the effectiveness of the technology in protecting human health and the 

environment during the construction and implementation phase; and (3) how proven and reliable 

the technology is with respect to contaminants and conditions at the site. Implementability 

encompasses both the technical and administrative feasibility of implementing a technology. At 
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this stage in the process, relative costs are considered only to eliminate technologies that are 

substantially less cost-effective. 

 

Waste-limiting characteristics primarily establish the effectiveness and performance of a 

technology; site-limiting characteristics affect implementability of a technology. Waste-limiting 

characteristics consider the suitability of a technology based on contaminant types, individual 

compound properties (e.g., volatility, solubility, specific gravity, adsorption potential, and 

biodegradability), and interactions that may occur between mixtures of compounds (e.g., chemical 

reactions or increased solubility). Site-limiting characteristics consider the effect of site-specific 

physical features on the implementability of a technology, including topography, buildings, 

underground utilities, available space, and proximity to sensitive operations. Technology 

screening based on waste- and site-limiting characteristics screens out technologies whose 

applicability is limited by site-specific waste or site considerations, while retaining as many 

potentially applicable technologies as possible.  

 

Tables 2-7 and 2-8 show the technology screening process for the Nyacol/WAC AOC and the 

downgradient plume AOC located downgradient of Nyacol and WAC, respectively. Technologies 

and process options judged ineffective or not implementable were eliminated from further 

consideration. The technologies retained at the end of the screening represent an inventory of 

technologies that are considered most suitable for achieving RAOs for groundwater in the two 

AOCs. The retained technologies and the process options may be used either alone or in 

combination with other technologies as remedial alternatives to achieve RAOs for OU2. 

 

Indoor air is being treated with VMS at locations where indoor air impacts have been identified. 

VMS is being addressed separately, as discussed in Section 1.7.  

 

3.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES 

In this section, alternatives are developed to meet the RAOs presented in Subsection 2.1.4, using 

the GRAs identified in Section 2.3, either individually or in combination.  

 

Remedial alternatives have been developed to address source areas (i.e., groundwater and 

resulting indoor air impacts) based on the screening of technology types and process options. 

Developed remedial alternatives are then screened with respect to the criteria of effectiveness, 
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implementability, and cost to meet the requirements of CERCLA and the NCP (40 CFR 

300.430(e)(7)). Retained alternatives will then be combined into alternatives with site-wide 

applicability for detailed evaluation in Section 4.0. 

 

3.1 Alternative Screening Criteria 

The objective of the alternative screening step is to eliminate impractical alternatives or higher 

cost alternatives (i.e., order of magnitude cost differences) that provide little or no increase in 

effectiveness or implementability over their lower-cost counterparts. The criteria used for 

screening remedial alternatives are effectiveness, implementability, and cost. These criteria are 

discussed in the paragraphs below. 

 

Effectiveness 

This criterion focuses on the degree to which an alternative reduces toxicity, mobility, or volume 

through treatment; minimizes residual risks and affords long-term protection; complies with 

ARARs; minimizes short-term impacts; and quickly achieves protection goals. The NCP indicates 

that, in addition to complying with ARARs and providing protection for human health and the 

environment, both the short- and long-term aspects of effectiveness should be considered when 

evaluating alternatives. Short term is considered to be the construction and implementation 

period, while long-term begins once the RA is complete and RAOs have been met (EPA, 1988). 

Short-term effectiveness considerations include the effects of the alternatives during the 

construction and implementation period, the alternative’s ability to meet RAOs, and the relative 

time frame required to achieve RAOs. Long-term effectiveness considers the magnitude of the 

remaining residual risk because of residual contaminant sources and the adequacy and reliability 

of specific technical components and control measures to maintain compliance with RAOs over 

the life of the remediation.  

 

Alternatives that do not provide adequate protection of human health and the environment are 

eliminated from further consideration as required by the NCP. 

 

Implementability 

Each alternative is evaluated in terms of technical and administrative implementability, or 

feasibility. Like the evaluation of effectiveness, the evaluation of technical feasibility can be broken 
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into short- and long-term aspects. Short-term technical feasibility considers the availability of a 

technology for construction or mobilization and operation, as well as compliance with action-

specific ARARs during the RA. Long-term technical feasibility considers the ease of operation and 

maintenance, technical reliability, the ease of undertaking additional RAs, and the necessary 

degree of monitoring for residuals and untreated wastes after employing specific technical 

controls. Administrative feasibility for implementing a given technology addresses the ability to 

obtain approvals from pertinent offices and agencies for off-site activities, the availability of 

treatment, storage, and disposal services, and the commercial availability of required services 

and trained specialists or operators.  

 

Alternatives that are technically or administratively infeasible or that would require equipment, 

specialists, or facilities that are not available within a reasonable period may be eliminated from 

further consideration (NCP, 40 CFR 300.430(e)(7)). 

 

Cost 

This criterion considers the costs of construction and any long-term O&M costs associated with 

each alternative. As noted in EPA guidance, the overall goal of the remedy selection process is 

to remediate contaminated sites to the maximum extent practicable, with a co-equal mandate for 

remedies to be cost-effective (EPA, 1988). The NCP thus requires consideration of the use of 

engineering and ICs as an alternative to treatment when appropriate. Cost may be used to 

eliminate alternatives when an alternative provides effectiveness and implementability like that of 

another alternative but at greater cost (40 CFR 300.430(e)(7)(iii)) or when an alternative has costs 

that are grossly excessive as compared to its overall effectiveness (40 CFR 300.430(e)(7)(iii)).  

 

It is important to note that the alternatives screening process does not formally evaluate costs. 

Rather, professional judgment is used to identify the relative cost-effectiveness of each alternative 

based on knowledge of relative costs. Detailed cost evaluations are presented as part of the 

detailed evaluation of alternatives that pass the initial screening. 

 

The No Action alternative is not evaluated according to the screening criteria; it passes through 

screening to be evaluated during the detailed analysis as a baseline for other retained alternatives 

(EPA, 1988). 
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3.2 Identification and Description of Initial Alternatives 

After considering each GRA, technology type, and process option using the above-mentioned 

alternative screening criteria, viable technologies that could be used to address the groundwater 

impacts were identified and used to develop initial remedial alternatives for the Nyacol/WAC AOC 

and the downgradient plume AOC. 

 

These two remediation targets have different remedial objectives, and therefore were developed 

separately. The separate remedial alternatives are shown in Table 3-1. These separate 

alternatives were combined to assemble the preliminary OU2 remedies as described in the 

following subsections. Figure 2-1 depicts the general targeted treatment area for the OU2 AOCs.  

 

3.2.1 Alternative GW-1: No Further Action 

Alternative GW-1 is equivalent to NA1 (No Action description on Table 3-1 and Table 3-2) and is 

a no further action alternative. Alternative GW-1 does not include RA components to reduce, 

control, or eliminate potential risks from exposure to contaminants in groundwater, and does not 

include environmental monitoring to assess long-term changes in contaminant concentrations in 

groundwater. Alternative GW-1 would include statutorily required five-year reviews if 

contaminants are in place at concentrations above risk-based criteria allowing unrestricted use. 

CERCLA requires that a No Action (or no further action) alternative be evaluated to establish a 

baseline for comparison to other remedial alternatives (EPA, 1988). Alternative GW-1 is not 

evaluated according to screening criteria and will pass through screening to be evaluated during 

detailed analysis in the Section 4. 

 

3.2.2 Alternative GW-2: Limited Action 

Alternative GW-2 would continue the current limited action, with enhancements.  Alternative GW-

2 is assembled by combining limited additional source treatment (optimization of DNAPL 

extraction) (ST1) and downgradient plume monitoring (PM) in Table 3-1. It includes limited action 

to prevent use of the contaminated or potentially contaminated groundwater. It includes ICs 

intended to inform future purchasers of impacted properties and groundwater restrictions, such 

as restrictive covenants, deed notices, or local ordinances that would prevent contact with 

contaminated media. Periodic monitoring would assess compliance with the ICs and evaluate 

plume extent. This alternative would include the following components: 
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• Continue operation, monitoring, and maintenance of the existing VMS (maintenance 

performed by MassDEP). 

 

• Continue operation, maintenance, and monitoring of the existing DNAPL extraction 

systems (MW-113A at WAC property and MW/B-11 on Nyacol property). 

 

• (Optional): Enhance DNAPL recovery by installing additional DNAPL extraction wells if 

other areas of potential DNAPL are identified. 

 

• Conduct a pre-design investigation (PDI), which would be required to determine location 

and configuration of additional DNAPL extraction wells to support remedy development. 

 

• Implement ICs to prevent contaminated groundwater exposure and to address potential 

VI issues in new or renovated buildings. 

 

• Expand and optimize the monitoring well network with the installation of new groundwater 

wells. 

 

• Perform long-term monitoring of the contaminated groundwater plume (in the Nyacol/WAC 

and downgradient plume AOCs) to determine if groundwater contaminants remain above 

PRGs. 

 

• Conduct five-year reviews if contamination remains at concentrations above risk-based 

criteria allowing unrestricted use. 

 

This alternative does not address dissolved or residual contamination and is not expected to 

address the bulk of the DNAPL located on-site. The screening of Alternative GW-2 is presented 

in Table 3-2.  

 

The components of Alternative GW-2 are included in each of the active treatment alternatives 

(GW-3 through GW-8). 
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3.2.3 Alternative GW-3: Nyacol/WAC Pumping and Treatment 

Alternative GW-3 is assembled by combining source treatment (ST2) and plume monitoring in 

Table 3-1. It includes active pumping and ex-situ treatment along the railroad tracks between the 

Nyacol and WAC properties. This alternative is essentially the original remedy as selected in the 

1991 OU2 interim ROD (EPA, 1991a). Alternative GW-3 includes the following active treatment 

components as well as the Alternative GW-2 components: 

 

• Pump and treat groundwater from a roughly rectangular zone along the railroad tracks 

and northeast of the landfill. 

 

• Install a groundwater interception trench between the landfill and the groundwater 

pumping zone (optional). 

 

This alternative does not address dissolved phase contamination in the downgradient plume 

AOC.  

 

The initial screening of Alternative GW-3 is presented in Table 3-2.  

 

3.2.4 Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment  

Alternative GW-4 is assembled by combining source treatment (ST3) and plume monitoring in Table 

3-1. It includes in-situ treatment in the areas where DNAPL and/or residual contamination is 

expected to be located (extremely high VOC concentrations on the Nyacol and WAC properties and 

northeast of the landfill). Alternative GW-4 includes the following components as well as the 

Alternative GW-2 components: 

 

• Use an in-situ treatment method in the following areas within the Nyacol/WAC AOC 

(Figure 2-1) with TCE concentrations above 10 mg/L: 

 

o WAC: southern 2/3 of the property (shallow bedrock). Most of this area is occupied by 

the industrial building; to address contamination beneath the building, angled borings 

and/or borings through the floor may be considered. Additional treatment may be 

considered on the near portion of the property that abuts WAC to the west if access 

permits. 
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o Nyacol: west of the main plant, in an area extending to the railroad tracks. 

Temporary borings may be installed in parking areas in the center of the property 

(shallow bedrock). 

 

o Northeast of landfill: from the north edge of the landfill to the south edge of the 

Nyacol main plant as access permits (deep bedrock). Only the most permeable 

fractures/zones with high concentrations will be targeted. 

 

• Perform a PDI to determine location and configuration of additional DNAPL extraction 

wells and to determine the target bedrock zones for in-situ treatment. 

 

• Conduct performance monitoring of groundwater to evaluate the effectiveness and 

performance of in-situ treatment.   

 

Alternative GW-4 does not include active treatment in the downgradient plume AOC; the only 

activity in this area is monitoring. 

 

The initial screening of Alternative GW-4 is presented in Table 3-2. 

 

3.2.5 Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and 
Limited Pump and Treat 

Alternative GW-5 is assembled by combining source treatment (ST4) and plume monitoring in Table 

3-1. It includes in-situ treatment in the areas where DNAPL and/or residual contamination is 

expected to be located (elevated VOC concentrations on the Nyacol and WAC properties and 

northeast of the landfill), immediately followed by groundwater pump and treat as a polishing step. 

Alternative GW-5 includes the following components as well as the Alternative GW-2 components: 

 

• Use an in-situ treatment method in the following areas within the Nyacol/WAC AOC 

(Figure 2-1) with TCE concentrations above 10 mg/L: 

 

o WAC: southern 2/3 of the property (shallow bedrock). Most of this area is occupied by 

the industrial building; to address contamination beneath the building, angled borings 
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and/or borings through the floor may be considered. Additional treatment may be 

considered on the near portion of the property that abuts WAC to the west if access 

permits. 

 

o Nyacol: west of the main plant, in an area extending to the railroad tracks. 

Temporary borings may be installed in parking areas in the center of the property 

(shallow bedrock). 

 

o Northeast of landfill: from the north edge of the landfill to the south edge of the 

Nyacol main plant as access permits (deep bedrock). Only the most permeable 

fractures/zones with high concentrations will be targeted. 

 

• Install pumping well(s) at the Nyacol/WAC areas where TCE concentrations exceed 10 

mg/L to capture groundwater. These wells are anticipated to require operation for a 

significantly shorter timeframe than the wells in the same areas in Alternative GW-3. 

 

• Perform a PDI to determine location and configuration of additional DNAPL extraction 

wells, to determine the target bedrock zones for in-situ treatment and ensure that the target 

treatment areas are adequately and effectively captured by the pumping wells.  

 

Alternative GW-5 does not include active treatment in the downgradient plume AOC; the only 

activity in this area is monitoring. 

 

The initial screening of Alternative GW-5 is presented in Table 3-2. 

 

3.2.6 Alternative GW-6: Nyacol/WAC AOC and Downgradient Plume 
AOC Pump and Treat 

Alternative GW-6 is assembled by combining source treatment (ST2) and plume treatment (PT1) 

in Table 3-1. Alternative GW-6 includes active pumping and ex-situ treatment in the areas where 

DNAPL and/or residual contamination is expected to be located (elevated VOC concentrations 

on the Nyacol and WAC properties and northeast of the landfill) as well as at the downgradient 

plume. Alternative GW-6 includes the following components as well as the Alternative GW-2 

components: 
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• Pump groundwater from bedrock in areas of potential DNAPL and residual contamination 

to limit groundwater migration away from the source area and treat purged groundwater. 

Extraction wells would be installed within the Nyacol/WAC AOC shown on Figure 2-1. 

These areas include: 

 

o WAC: vicinity of MW-113A (intercepting groundwater migrating toward the MW-

304 cluster). 

 

o Nyacol: north of SB-600 (capture contaminants expected close to the railroad). 

 

o Northeast of landfill: close to MW-402 (capture bedrock contamination 

downgradient of the landfill). 

 

• If DNAPL is encountered during well installation for groundwater extraction, convert to a 

DNAPL recovery well and install a new groundwater pumping well. 

 

• Install pumping well(s) in the downgradient plume AOC (Figure 2-1) to reduce 

groundwater flux to the shallow overburden and reduce plume concentrations associated 

with hot spots (e.g. MW-203A/B, MW-202 and MW-115A/B). Extraction well locations will 

depend on access considerations as well as plume geometry and may consist of smaller-

scale separate pumping and treatment systems in the immediate vicinity of these two 

areas, or of a series of extraction wells between these two areas. 

 

• Perform a PDI to optimize DNAPL extraction. A PDI would also be required to ensure that 

the target treatment areas are adequately and effectively captured and to design the well 

configuration, pumping rate, and expected discharge. The scope of the PDI for Alternative 

GW-6 is assumed to include installation of additional monitoring wells and performance of 

pumping test(s). 

 

The initial screening of Alternative GW-6 is presented in Table 3-2.  
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3.2.7 Alternative GW-7: Nyacol/WAC AOC In-Situ Treatment and 
Limited Pump and Treat, and Downgradient Plume AOC 
Pump and Treat 

Alternative GW-7 is assembled by combining source treatment (ST4) and plume treatment (PT2) in 

Table 3-1. It includes in-situ treatment in the areas where DNAPL and/or residual contamination is 

expected to be located (elevated VOC concentrations on the Nyacol and WAC properties and 

northeast of the landfill), immediately followed by groundwater pump and treat as a polishing step. 

The alternative also includes pumping and treatment of groundwater within the downgradient plume 

AOC. Alternative GW-7 includes the following components as well as the Alternative GW-2 

components: 

 

• Use an in-situ treatment method in the following areas within the Nyacol/WAC AOC 

(Figure 2-1) with TCE concentrations above 10 mg/L: 

 

o WAC: southern 2/3 of the property (shallow bedrock). Most of this area is occupied by 

the industrial building; to address contamination beneath the building, angled borings 

and/or borings through the floor may be considered. Additional treatment may be 

considered on the near portion of the property that abuts WAC to the west if access 

permits. 

 

o Nyacol: west of the main plant, in an area extending to the railroad tracks. 

Temporary borings may be installed in parking areas in the center of the property 

(shallow bedrock). 

 

o Northeast of landfill: from the north edge of the landfill to the south edge of the 

Nyacol main plant as access permits (deep bedrock). Only the most permeable 

fractures/zones with high concentrations will be targeted. 

 

• Install pumping well(s) at the Nyacol/WAC areas where TCE concentrations exceed 10 

mg/L to capture groundwater. These wells are anticipated to require operation for a 

significantly shorter timeframe than the wells in the same areas in Alternatives GW-3 and 

GW-6. 
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• Install pumping well(s) in the downgradient plume AOC (Figure 2-1) to reduce 

groundwater flux to the shallow overburden and reduce plume concentrations associated 

with hot spots (e.g. MW-203A/B, MW-202 and MW-115A/B). Extraction well locations will 

depend on access considerations as well as plume geometry and may consist of smaller-

scale separate pumping and treatment systems in the immediate vicinity of these two 

areas, or of a series of extraction wells between these two areas. 

 

• Conduct performance monitoring to evaluate the effectiveness and performance of in-situ 

treatments. 

 

• Perform a PDI to ensure that the target treatment areas are adequately and effectively 

captured by the pumping wells, and to determine the target zones for in-situ treatment.  

 

The initial screening of Alternative GW-7 is presented in Table 3-2. 

 

3.2.8 Alternative GW-8: Nyacol/WAC AOC In-Situ Treatment/Limited 
Pump and Treat, and Downgradient Plume AOC In-Situ 
Treatment 

Alternative GW-8 is assembled by combining source treatment (ST4) and plume treatment (PT2) 

in Table 3-1. It includes in-situ treatment in the areas where DNAPL and/or residual contamination 

is expected to be located (elevated VOC concentrations on the Nyacol and WAC properties and 

northeast of the landfill), immediately followed by groundwater pump and treat as a polishing step. 

The alternative also includes in-situ chemical treatment within the downgradient plume, in 

overburden only. Alternative GW-8 includes the following components as well as the Alternative 

GW-2 components: 

 

• Use an in-situ treatment method in the following areas within the Nyacol/WAC AOC 

(Figure 2-1) with TCE concentrations above 10 mg/L: 

 

o WAC: southern 2/3 of the property (shallow bedrock). Most of this area is occupied by 

the industrial building; to address contamination beneath the building, angled borings 

and/or borings through the floor may be considered. Additional treatment may be 
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considered on the near portion of the property that abuts WAC to the west if access 

permits. 

 

o Nyacol: west of the main plant, in an area extending to the railroad tracks. 

Temporary borings may be installed in parking areas in the center of the property 

(shallow bedrock). 

 

o Northeast of landfill: from the north edge of the landfill to the south edge of the 

Nyacol main plant as access permits (deep bedrock). 

 

• Install pumping well(s) at the Nyacol/WAC areas where TCE concentrations exceed 10 

mg/L to capture groundwater. These wells are anticipated to require operation for a 

significantly shorter timeframe than the wells in the same areas in Alternative GW-3 and 

GW-5. 

 

• Inject chemicals within the downgradient plume AOC (Figure 2-1) to reduce contaminant 

concentrations within the area of overburden TCE concentrations above 0.1 mg/L and 

total COC concentrations above 1 mg/L. Given the extensive size of the bedrock plume 

and the cost of investigating fractures to target in-situ treatment, bedrock injection has not 

been included in this alternative. 

 

• Conduct performance monitoring to evaluate the effectiveness and performance of in-situ 

treatments. 

 

• Perform a PDI to ensure that the target treatment areas are adequately and effectively 

captured by the pumping wells, and to determine the target downgradient overburden and 

Nyacol/WAC bedrock zones for in-situ treatment.  

 

The initial screening of Alternative GW-8 is presented in Table 3-2.  
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3.2.9 Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume 
AOC In-Situ Treatment 

Alternative GW-9 is assembled by combining source treatment (ST3) and plume treatment (PT2) 

in Table 3-1. It includes in-situ treatment in the areas where DNAPL and/or residual contamination 

is expected to be located (elevated VOC concentrations on the Nyacol and WAC properties and 

northeast of the landfill). The alternative also includes in-situ chemical treatment within the plume 

AOC, in overburden only. Alternative GW-9 includes the following components as well as the 

Alternative GW-2 components: 

 

• Use an in-situ treatment method in the following areas within the Nyacol/WAC AOC 

(Figure 2-1) with TCE concentrations above 10 mg/L: 

 

o WAC: southern 2/3 of the property (shallow bedrock). Most of this area is occupied by 

the industrial building; to address contamination beneath the building, angled borings 

and/or borings through the floor may be considered. Additional treatment may be 

considered on the near portion of the property that abuts WAC to the west if access 

permits. 

 

o Nyacol: west of the main plant, in an area extending to the railroad tracks. 

Temporary borings may be installed in parking areas in the center of the property 

(shallow bedrock). 

 

o Northeast of landfill: from the north edge of the landfill to the south edge of the 

Nyacol main plant as access permits (deep bedrock). 

 

• Inject chemicals within the downgradient plume AOC (Figure 2-1) to reduce contaminant 

concentrations within the area of overburden TCE concentrations above 0.1 mg/L and 

total COC concentrations above 1 mg/L. Given the extensive size of the bedrock 

downgradient plume and the cost of investigating fractures to target in-situ treatment, 

bedrock injection has not been included in this alternative. 

 

• Conduct performance monitoring to evaluate the effectiveness and performance of in-situ 

treatments. 
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• Perform a PDI to determine the target zones for in-situ treatment.  

 

The initial screening of Alternative GW-9 is presented in Table 3-2. 

 

3.3 Alternative Development Uncertainty 

The initial alternatives were developed based on widely spaced subsurface data, some of which 

was collected more than 25 years ago. The current methods and technologies to delineate and 

characterize VOC and DNAPL impacts in soil and fractured bedrock have advanced significantly 

and include what are now considered to be critical tools that were not available or not used for 

the historical Site investigations. 

 

Further work to delineate the nature and extent of DNAPL, plume “hot spots”, bedrock structure, 

and hydrogeologic parameters will be needed as part of PDIs to further refine the contaminant 

mass estimates used as well as the specific location and configuration of the treatment areas to 

be targeted in the OU2 remedy. This work will be required allow for the preparation of an 

appropriate remedial treatment system design as well as to allow for optimization of the remedy.  

 

Uncertainties in the current characterization that would clarify the extent of treatment include: 

 

• Deep overburden plume concentrations: MW-115B is one of the few overburden wells 

screened below 30 feet bgs, in an area where the depth to bedrock is approximately 70 

feet bgs. Some of the highest VOC concentrations have been detected in MW-115B. 

Additional deep overburden wells would help to constrain the extent of these high 

concentrations. 

 

• Bedrock plume core concentrations: Limited data are available between MW-304A and 

MW-115A, which are more than 1,000 feet apart and both of which have consistently had 

TCE concentrations above 1 mg/L. 

 

• Bedrock plume core dimensions: No bedrock monitoring points are available north of MW-

115A and MW-203A; therefore, significant contamination may be located within this area. 
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• Plume area bedrock fracture network characteristics: ICF (2006) investigated fractures in 

bedrock at the Nyacol/WAC AOC (SB-600 and SB-601). Bedrock fracture evaluation in 

the RI (Ebasco, 1991a) did not include fracture orientation or detailed discussion of water-

bearing fractures. The fracture network beneath the overburden plume may be a 

significant contaminant reservoir and can potentially re-contaminate overburden 

groundwater and soils. 

 

• Extent of contamination west of Nyacol/WAC potential DNAPL area: The area of highest 

VOC concentrations appears to terminate slightly west of SB-600, based on previous 

analytical results and identified potential sources. However, more than 400 feet separate 

this area from the next well cluster to the west (MW-03 cluster). Additional delineation 

would confirm the width of the treatment target zone, and potentially reduce the amount 

of treatment needed. 

 

• Lack of monitoring wells in the PPA area: There are no  monitoring wells within the footprint 

of the PPA area.  This FS does not address the PPA because contamination has not been 

identified in this area.  

 

3.4 Screening of Alternatives 

Table 3-3 presents the screening of remedial alternatives GW-2 through GW-9 as described in 

Section 3.2. Each alternative was compared and scored relative to the other alternatives. 

Alternative GW-1 (no further action) was not scored in the screening step, but is retained for 

detailed evaluation in Section 5, consistent with CERCLA and EPA guidance. 

 

The alternatives considered to be most effective are GW-7 and GW-8, as both alternatives use a 

combination of in-situ and ex-situ (groundwater treatment) in the Nyacol/WAC area to target 

available mass and capture the remaining mass likely to be present beneath buildings, the railroad 

tracks, and other infrastructure that will be difficult to access. Both alternatives also address 

downgradient plume groundwater contamination. The least effective alternative compared is GW-

2 (limited action), which only treats recoverable DNAPL and does not address downgradient 

plume groundwater contamination. 
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Implementability is expected to be a serious concern at the Site because of the large number of 

commercial and residential properties and the extensive subsurface infrastructure in the area. 

The most implementable alternative is GW-2, which requires the least amount of additional work. 

The least implementable alternatives are GW-6 and GW-7, which both require groundwater 

extraction within the downgradient plume. Given the small size of the properties and the need to 

treat and manage extracted groundwater (either by piping the water up to 2,000 feet away to a 

central treatment area, or by setting up separate treatment/discharge units), groundwater plume 

extraction is anticipated the most difficult remedy to implement.  

 

The least expensive alternative is GW-2. The most expensive alternative is GW-8, which would 

require a long timeframe for downgradient pumping and multiple technologies at the Nyacol/WAC 

AOC. 

 

The most sustainable alternative is GW-2, which requires the least amount of travel/energy costs 

and does not require the addition of chemicals. The least sustainable alternative is GW-6 

(Nyacol/WAC AOC and downgradient plume AOC pump and treat), which requires energy for 

water handling and possibly process chemicals for an extremely long time. 

 

Based on the ranking developed in Table 3-3, the lowest-ranking remedial alternative is GW-6, 

followed by GW-3 and GW-7. Therefore, the remedial alternatives GW-1, GW-2, GW-4, GW-5, 

GW-8, and GW-9 were retained for detailed remedy development and comparative analysis. 

 

4.0 DETAILED DESCRIPTIONS AND ANALYSIS OF REMEDIAL ALTERNATIVES 

The retained remedial alternatives from Section 3.0 are described and analyzed in detail in this 

section. The detailed descriptions and analysis of the alternatives provides information necessary 

to facilitate the selection of a specific remedy or combination of remedies. 

 

The detailed analysis of alternatives provided in this section follows EPA RI/FS Guidance (EPA, 

1988). The analysis criteria presented below, and the detailed analyses of alternatives are 

presented in Tables 4-1 through 4-11. The detailed analysis of alternatives was conducted in 

accordance with the NCP (40 CFR 300.430(e)) and the Interim Final Guidance for Conducting 

Remedial Investigations and Feasibility Studies Under CERCLA (EPA, 1988). 
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The NCP requires that remedial alternatives be assessed against nine evaluation criteria, which 

are categorized as follows: 

 

Threshold Criteria: 

• Overall Protection of Human Health and the Environment – This criterion provides a 

final check to ensure that the alternative provides adequate protection of human health 

and the environment. 

 

• Compliance with ARARs – This criterion describes how each alternative will comply with 

federal and state ARARs, or in cases where an ARAR (or ARARs) will not be met, the 

justification of any waiver under the six statutory waivers available under CERCLA shall 

be detailed. 

 

Primary Balancing Criteria: 

• Long-Term Effectiveness and Permanence – This criterion details the evaluation of the 

risks remaining after the remedial alternative has been enacted and the response 

objectives have been achieved. The primary focus of this evaluation is the evaluation of 

any procedures or controls that manage risks associated with treatment residuals and/or 

untreated wastes. Specifically, the magnitude of residual risks and the adequacy and 

reliability of controls for each alternative are examined. 

 

• Reduction of Toxicity, Mobility, or Volume through Treatment – This evaluation 

criterion addresses the statutory preference for selecting remedial alternatives that employ 

treatment technologies that permanently and significantly reduce the toxicity, mobility, or 

volume of the hazardous substances. 

 

• Short-Term Effectiveness – This criterion requires an evaluation of the impacts to human 

health (on-site workers and community) and the environment during construction and 

implementation of the remedial alternatives. Sustainability aspects of the alternatives are 

also evaluated under this criterion. 
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• Implementability – This criterion requires an evaluation of the technical and 

administrative implementability of the remedial actions, as well as an evaluation of the 

relative availability of services and materials. The evaluation of the technical 

implementability generally includes short-term difficulties in construction and operation, 

the reliability of the technology, the relative ease of undertaking additional remedial 

actions, and monitoring considerations. Administrative implementability provides an 

evaluation of the administrative requirements needed to perform the remedy (such as 

securing rights of way and permits). The evaluation of the relative availability of services 

and materials is a determination of the ease of which specialized services, materials, or 

equipment may be obtained. 

 

• Cost – A detailed cost analysis is performed for each alternative to assess the net present 

worth cost to implement each alternative. The cost analyses include an estimation of the 

capital costs and annual O&M costs for the alternative, the development of costs that fall 

within a -30% to +50% estimation range, and a present worth analysis by discounting to a 

base year or current year using a 7% discount rate. 

 

Modifying Criteria: 

• State Acceptance – To the extent possible, the remedial alternatives have been 

assembled to assure compliance with State ARARs, as they apply. Any concerns that the 

State agencies may have will be communicated during the comment period after issuance 

of the Proposed Plan and considered in the ROD. 

 

• Community Acceptance – In assembling the remedial alternatives, protection of the 

community and anticipation of any concerns the community may have associated with the 

remedies have been considered to the extent possible. Any comments or suggestions the 

community may have will be communicated during the comment period after issuance of 

the Proposed Plan and considered in the ROD. 

 

In conformance with the NCP, the seven criteria included in the Threshold Criteria and the Primary 

Balancing Criteria were used to evaluate each of the retained alternatives. The last two criteria, 

State and community acceptance, will be addressed following the public comment period. 
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4.1 Alternative GW-1: No Further Action 

Under Alternative GW-1, no action would be taken to reduce risk at the Site. Any reduction in the 

risk would occur through natural attenuation processes. Every five years, inspections would be 

used to support the Five-Year Reviews. Five-Year Reviews will be required under this alternative 

because contaminants will remain at Site that will not allow for unrestricted use. Although this 

alternative does not achieve the RAOs, it is retained as a baseline alternative for comparison in 

accordance with the NCP and the RI/FS Guidance. 

 

See Table 4-1 for the detailed analysis of this alternative. No ARAR analysis was performed for 

this alternative since no actions are proposed. Costs for Alternative GW-1 are included in 

Appendix E. The estimated time for Alternative GW-1 to achieve the PRG for TCE in overburden 

at the downgradient edge of Nyacol/WAC (100 m from the presumed source) is more than 650 

years, as described in Appendix F. 

 

4.2 Alternative GW-2: Limited Action 

Alternative GW-2 includes limited action to prevent use of the contaminated or potentially 

contaminated groundwater.  ICs will be implemented to prevent exposure to contaminated 

groundwater in non-drinking water areas, protect construction workers from exposure to 

groundwater and trench vapors during excavation activities, and require a vapor intrusion 

evaluation or VMS installation in new buildings constructed in the contaminated groundwater 

plume, including the Nyacol/WAC and the downgradient plume AOCs  (or if an existing building 

with a VMS is renovated or expanded in size). Periodic monitoring would assess compliance with 

the ICs and evaluate plume extent.  

 

Alternative GW-2 would also include continuation of current remedial actions for groundwater at 

the Site (continued DNAPL extraction using existing systems). An optional component to GW-2 

is to enhance the existing DNAPL extraction system by an additional investigation to locate 

DNAPL, install additional DNAPL recovery wells, and optimize DNAPL extraction systems. 

Features for this optional component to GW-2 are marked as “with enhanced DNAPL extraction 

option” within the costing tables in Appendix E and noted in the alternative description below. 

Figure 4-1A depicts general components of GW-2. MassDEP maintains the existing VMS 

systems. The VMS address indoor air and are not included in this groundwater alternative. 
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See Table 4-2 for the detailed analysis of this alternative. Tables 4-3A through 4-3C present the 

detailed analyses for compliance with chemical-, location-, and action-specific ARARs for this 

alternative. Figures 4-1A and 4-1B depict the components of Alternative GW-2. Detailed costs are 

provided in Appendix E. The estimated time for Alternative GW-2 to achieve the PRG for TCE at 

the downgradient edge of Nyacol/WAC (100 m from the presumed source) is approximately 560 

years, as described in Appendix F. 

 

Alternative GW-2 consists of the primary components described in the following subsections: 

 

4.2.1 Pre-Design Investigation 

A PDI would be performed in the Nyacol/WAC AOC to support remedy development. It would 

include the following work to address data gaps and develop a more complete CSM that 

accurately identifies appropriate DNAPL sources targeted for extraction. 

 

4.2.1.1 Surveys 

Surveys to be conducted to support the preliminary design include a site feature survey (including 

building footprint, utilities, all new monitoring wells, soil borings, and other investigation control) 

as well as a wetland delineation to update the current extent of wetland coverage and confirm the 

areas that may require mitigation or changes to the configuration of Alternative GW-2. 

 

4.2.1.2 Nyacol/WAC AOC Groundwater Evaluation 

A groundwater evaluation would be conducted to refine the extent of groundwater impacts and to 

modify the initial contaminant mass estimates. The results of the groundwater evaluation will be 

used to confirm the extent of the initial DNAPL target area. The groundwater evaluation will 

incorporate sampling for all wells available after the Phase II PDI, and will also include the 

installation of the following wells located away from the immediate vicinity of the treatment area 

(Figure 4-1B): 

 

• Northeast of the WAC main building (near the former ERT-1 cluster, which has not been 

located during previous investigations): sentinel wells for contamination immediately 

downgradient of the target treatment area. If these wells are found to contain VOC 

concentrations above 10 mg/L, a set of step-out monitoring wells will be installed. The 



 

NH-4537-2020-DF 61 Nobis Engineering, Inc. 

monitoring wells will include one shallow overburden well screened across the water table, 

one deep overburden well set at the top of the bedrock surface, one shallow bedrock well 

installed within the top 15 feet of bedrock, and one deep bedrock well installed so that the 

bottom of casing (top of open zone) is at least 5 feet below the bottom of the shallow 

bedrock well. 

 

• West of WAC to define the extent of overburden and bedrock contamination north of the 

railroad tracks and west of the current well network within this area. Up to two overburden 

wells and two bedrock wells will be installed. 

 

• Overburden and bedrock south of the railroad tracks and west of SB-600 (west of the 

northeast Nyacol buildings) to define the extent of contamination in soil and groundwater. 

Bedrock is relatively shallow in this area (15 feet bgs). 

 

• South of the railroad tracks, southeast of ER-2 and MW-08 (south of the northeastern 

Nyacol building), to define the extent of overburden contamination in this area and serve 

as monitoring points upgradient of in-situ treatment. Bedrock is relatively shallow in this 

area (between 9 and 20 feet bgs), so a single shallow overburden and up to two bedrock 

wells (one shallow, one deep) will be installed. 

 

• Northwest of the bedrock hotspot, to monitor impacts downgradient and west of this area: 

one deep bedrock well will be installed. 

 

• North (downgradient) of the bedrock hotspot, to monitor downgradient concentrations in 

deep bedrock. 

 

Assumptions 

• Overburden wells and shallow bedrock wells would be installed using rotosonic drilling 

(this may be the same mobilization as other rotosonic drilling work); and 

 

• Deep bedrock wells would be installed using air-rotary drilling and would have borehole 

geophysics, multi-interval sampling, and hydraulic testing (assumed to be packer testing) 

performed prior to well installation. 
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• Selected new and existing wells would be sampled near and within the Nyacol/WAC AOC. 

 

4.2.1.3 DNAPL Investigation (Optional – Enhanced DNAPL 
Extraction Option) 

The Alternative GW-2 PDI includes an enhanced option to include a DNAPL source investigation 

in overburden and fractured bedrock (Figure 4-1B). The objective of the DNAPL source 

investigation would be to: 

 

• accurately locate and quantify the volume and mass of DNAPL sources; 

• determine DNAPL migration pathways;  

• determine the chemical and physical characteristics of the in-situ DNAPL sources; and 

• collect other information critical for the RD, such as in-situ DNAPL recovery rates. 

 

The results of the DNAPL PDI would be used to determine the layout and design of permanent 

DNAPL recovery well locations and to evaluate other system enhancements that could be 

incorporated in the RD to increase the efficacy of future DNAPL recovery. 

 

Phase I DNAPL PDI 

The first phase of the DNAPL PDI (Phase I DNAPL) would rely in part on direct-push technology 

(DPT) drilling in combination high resolution in-situ screening and profiling tools for: 

 

• free-phase NAPL (e.g. DyeLIF [Einarson et al., 2016] or other tools that may identify 

chlorinated solvent DNAPL);  

• dissolved VOCs (e.g. membrane interface hydraulic profiling [MiHPT] or similar); and 

• hydraulic injection pressure profiling/hydraulic conductivity (e.g. MiHPT). 

 

In addition, a limited groundwater profiling program would be conducted using DPT to confirm the 

dissolved groundwater concentrations identified in the in-situ profiling described above. Target 

locations for new monitoring wells and DNAPL extraction wells would be selected based on the 

results of the profiling. Soil sampling would be conducted under Phase II below. 
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Assumptions 

• This work is an optional portion of alternative GW-2.  

 

• The Phase I DNAPL high-resolution screening would target overburden zones in the 

potential DNAPL zone, as shown in Figure 4-1B.  

 

• Groundwater profiling samples would be collected every 2 feet below the water table. 

 

• The actual locations and ultimate scope of the Phase I DNAPL investigation would be 

optimized based on real time or expedited data review and may include a greater or lesser 

number of locations. 

 

Phase II DNAPL PDI 

The results of the Phase I DNAPL investigation would be used to design a focused DNAPL source 

soil and bedrock drilling and sampling program (Phase II DNAPL) to confirm and further 

characterize identified DNAPL sources in greater detail. This Phase II DNAPL investigation would 

include additional overburden and bedrock DNAPL recovery well installations where DNAPL or 

potential for DNAPL is inferred to be present. Wells would be installed using rotosonic methods. 

During the recovery well installations, soil and shallow bedrock would be sampled continuously 

from overburden into bedrock. 

 

Assumptions 

• This work is an optional portion of alternative GW-2.  

 

• During the Phase II DNAPL PDI, the following activities would be performed: 

 

o Confirmation soil and shallow bedrock sampling would be performed using 

rotosonic drilling and continuous sample collection. 

 

o DNAPL recovery wells would be installed in the rotosonic borings based on field 

observations (i.e. the observed or inferred presence of potential DNAPL). It is 
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assumed that recovery wells would be installed in the overburden and the shallow 

fractured bedrock. 

 

• The actual locations and ultimate scope of the Phase II DNAPL investigation would be 

optimized based on expedited data review and may include a greater or lesser number 

of locations. 

 

4.2.1.4 DNAPL Pilot Study (Optional – Enhanced DNAPL 
Extraction Option) 

Following the Phase II DNAPL, a field-scale pilot study would be conducted to support the 

enhanced DNAPL extraction option. The objective of the pilot study would be to:  

 

• optimize DNAPL extraction well construction design; 

 

• evaluate DNAPL extraction well capture zone; 

 

• establish realistic DNAPL extraction rates and recovery volume estimates; 

 

• evaluate pneumatic or hydraulic fracturing of discrete zones within the overburden and/or 

shallow bedrock and/or other enhancements to enhance the DNAPL recovery radius of 

influence (ROI) and recovery rates; and 

 

• provide other information that may be necessary to resolve RD data gaps. 

 

The DNAPL PDI would also be used to evaluate pneumatic or hydraulic fracturing of discrete 

zones within the overburden and/or shallow bedrock to enhance the DNAPL recovery well ROI 

and recovery rates.  

 

Assumptions 

• This work is an optional portion of alternative GW-2.  

• The DNAPL pilot study would be performed utilizing the installed Phase II recovery wells; 
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• DNAPL characterization samples would be collected from each well with recoverable 

DNAPL; 

• Hydraulic fracturing would be performed in selected borings prior to well construction; and 

• The pilot study duration is two months. 

 

4.2.2 Nyacol/WAC AOC DNAPL Extraction (Optional – Enhanced 
DNAPL Extraction Option) 

As part of the Enhanced DNAPL Extraction Option, recoverable DNAPL would be removed to the 

extent possible to reduce contaminant mass and accelerate aquifer restoration.  

 

The wells installed as part of the DNAPL PDI would be used for the full-scale DNAPL extraction 

if recoverable DNAPL is encountered. If the PDI results indicate that a groundwater hotspot with 

concentrations indicative of potential DNAPL may be located outside the PDI well network, 

additional recovery wells will be installed in a step-out drilling program (“step” drilling) to target 

potentially recoverable DNAPL. Angled recovery wells may be used to reach beneath sensitive 

structures (buildings and railroad tracks).  

 

Alternative GW-2 also includes a provision to optimize DNAPL extraction in existing or new 

DNAPL extraction wells, which may include addition of amendments or water recirculation to 

enhance DNAPL recovery, or the use of pneumatic or hydraulic fracturing. 

 

The DNAPL recovery system would rely on manual pumping and extraction from the new DNAPL 

recovery wells to be installed as part of Alternative GW-2, as well as ongoing operation of the two 

existing extraction systems located at the Nyacol property (MW/B-11) and WAC property (MW-

113A). Recovered DNAPL would be manually consolidated in a centralized hazardous waste 

storage area, which is expected to be located on the Nyacol property.  

 

Assumptions 

• This work is an optional portion of alternative GW-2.  

• Additional overburden and bedrock DNAPL extraction wells would be installed during the 

full-scale RA step drilling program 
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• An optimization program after initial well installation and recovery would include 

installation of additional bedrock boreholes and conducting hydraulic fracturing; 

• Extraction wells that contain recoverable DNAPL would be included in future O&M plans. 

• Enhanced DNAPL recovery would be achieved by pneumatic and/or hydraulic fracturing 

the deep overburden and/or shallow bedrock. 

• DNAPL recovery would be performed on a monthly basis by using manual methods for a 

total duration of five years. 

 

4.2.3 Monitoring Well Network Optimization 

To determine if any changes are needed to the current VMS network, additional wells would be 

installed to address data gaps identified in the 2015 monitoring report (Nobis, 2016) and optimize 

the monitoring well network for long-term monitoring (LTM). The optimized well network would 

monitor both the potential DNAPL area at the Nyacol/WAC AOC and the downgradient plume 

AOC to evaluate the potential for plume expansion and to evaluate the impact of DNAPL removal 

on downgradient groundwater concentrations. These include additional monitoring wells at the 

following locations shown in Figure 4-1A: 

 

• Between MW-112A/B and MW-304A/B (east of WAC and south of Pleasant Street); 

monitoring well control directly downgradient of WAC and upgradient of the downgradient 

plume AOC: Wells at this location would be used to determine the potential shallow 

overburden impacts requiring potential VMS installation, and determine if these impacts are 

related to a deeper source. They would also serve as sentinel wells downgradient of the 

DNAPL extraction area. 

 

• Southeast of MW-305A/B cluster (east of WAC along Pleasant Street): This location would 

evaluate impacts close to WAC in overburden and bedrock downgradient and north of the 

DNAPL zone. 

 

• Southeast of MW-304A/B cluster (vicinity of intersection with Metcalf Ave and Pleasant 

Street) (overburden and bedrock): New wells in this area would help to define the elevated 

VOC concentrations west of MW-202 and MW-203A/B and help to evaluate the extent to 

which remedial action at Nyacol/WAC impacts those concentrations. 
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• Vicinity of MW-701S (south end of Water Street, bedrock): Additional bedrock well control 

in this area would provide additional information regarding the extent of VOC 

concentrations in the northern portion of the bedrock plume and the potential for these 

concentrations to act as a source to overburden groundwater. 

 

• North of MW-115B and upgradient of 10-50 Main Street: Additional shallow overburden 

information is now available regarding plume concentrations (Nobis, 2018a); however, the 

extent of bedrock contamination north of MW-115B is still unknown. The bedrock well(s) 

would be used to monitor potential plume expansion or contraction and determine whether 

natural attenuation is occurring. 

 

• West of MW-115B (vicinity of Tilton Ave): The top of the overburden well screen at MW-

115B is set more than 40 feet bgs; therefore, a shallow overburden well should be 

installed to monitor concentrations close to the water table and potential vapor intrusion 

impacts in this area. 

 

• East of MW-302 (east of Main Street and south of Pleasant street): A shallow overburden 

well should be installed to monitor concentrations close to the water table and potential 

vapor intrusion impacts in this area. 

 

• Southeast of MW-302 (west of Main Street, close to the railroad tracks): Additional well 

control is needed to evaluate deep overburden and bedrock concentrations and to locate 

sentinel wells to define the plume edge. 

 

• North and northwest of MW-204A/B: additional monitoring points are needed to evaluate 

conditions in the revised PPA and to confirm that the proposed ICs are sufficiently 

protective. 

 

All bedrock monitoring wells would be evaluated with borehole geophysics, hydraulic conductivity 

testing, and discrete-interval sampling to and locate appropriate well screens for long-term monitoring. 

 

One initial comprehensive groundwater sampling round would be conducted for all available wells 

to fully characterize the groundwater and to identify the wells to be included in long-term monitoring. 
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Assumptions 

• Overburden monitoring wells would be installed via rotosonic drilling (average depth of 

40 feet). 

• Bedrock wells will be installed via air-rotary drilling (average depth of 100 feet, assuming 

an average bedrock depth of 70 feet bgs).  

• Packer testing would be used to collect groundwater samples and conduct hydraulic 

conductivity testing in bedrock. 

 

4.2.4 Long-Term Remedy Components 

Long-term remedy components include five-year reviews, ICs, and LTM, as described below.  

 

Five-Year Reviews 

Contaminants would likely remain in groundwater above concentrations acceptable for unlimited 

use of groundwater and unlimited exposure to indoor air for an extended period. Therefore, a 

review of site conditions and risks would be conducted every five years, as required by CERCLA, 

to ensure remedy protectiveness. 

 

Institutional Controls 

ICs will be implemented to prevent exposure to contaminated groundwater in non-drinking water 

areas, protect construction workers from exposure to groundwater and trench vapors during 

excavation activities, and require a vapor intrusion evaluation or VMS installation in new buildings 

constructed in the contaminated groundwater plume, including the Nyacol/WAC and the 

downgradient plume AOCs  (or if an existing building with a VMS is renovated or expanded in 

size). 

 

Long-Term Monitoring 

LTM would be required to evaluate concentrations in both the Nyacol/WAC AOC and the 

downgradient plume AOC. Selected monitoring wells would be monitored on an annual basis, 

incorporating wells installed during the PDI and remedy implementation as well as existing wells. 
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LTM would continue for as long as contaminant concentrations remain above cleanup standards. 

However, the number of wells sampled may be reduced if the extent of the plume decreases 

consistently over time. Groundwater sampling trends from LTM would be evaluated to determine 

the extent of any natural attenuation as part of the five-year review process. 

 

Assumptions 

• For LTM, selected monitoring wells will be sampled annually using low-flow methods and 

analyzed for VOCs, SVOCs, and general geochemistry to evaluate contaminant trends 

and whether natural attenuation is occurring.  

 

4.3 Alternative GW-4: Nyacol/WAC AOC DNAPL Extraction and In-Situ 
Treatment  

Alternative GW-4 includes in-situ treatment in the areas where DNAPL and/or residual 

contamination is expected to be located (the Nyacol and WAC properties and northeast of the 

landfill). No active treatment would be performed for the downgradient plume (monitoring only). 

Alternative GW-4 includes the Alternative GW-2 components (continue or option to optimize 

DNAPL extraction, implement ICs, monitor contaminant concentrations, and conduct five-year 

reviews; see Section 4.2) as well as the following additional active treatment components: 

 

• Use an in-situ treatment method (assumed to be in-situ chemical oxidation [ISCO] for 

costing purposes) in the areas within the Nyacol/WAC AOC with TCE concentrations 

above 10 mg/L (red areas on Figure 4-2A). 

 

A PDI would be required to determine the target overburden and bedrock zones for in-situ 

treatment at the Nyacol/WAC AOC. 

 

MassDEP maintains the existing VMS systems. While the VMS will remain in place to reduce 

risks to human health until remedial goals are reached, they address indoor air and are not 

included in this groundwater alternative. 

 

Figure 4-2A depicts general components of Alternative GW-4. See Table 4-4 for the detailed 

analysis of this alternative. Tables 4-5A through 4-5C present the detailed analyses for 

compliance with chemical-, location-, and action-specific ARARs for this alternative. Detailed 
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costs are provided in Appendix E. The estimated time for Alternative GW-4 to achieve the PRG 

for TCE at the downgradient edge of Nyacol/WAC (100 m from the presumed source) is 

approximately 180 years, as described in Appendix F. 

 

The components of Alternative GW-4 are described in more detail in the subsections below. 

 

4.3.1 Pre-Design Investigation 

A PDI would be performed in the Nyacol/WAC AOC to support remedy development. It would 

include the following work to address data gaps and develop a more complete CSM that 

accurately identifies appropriate DNAPL sources targeted for extraction: 

 

4.3.1.1 Surveys 

Surveys to be conducted to support the preliminary design include a site feature survey (including 

building footprint, utilities, all new monitoring wells, soil borings, and other investigation control) 

as well as a wetland delineation to update the current extent of wetland coverage and confirm the 

areas that may require mitigation or changes to the configuration of Alternative GW-4. 

 

4.3.1.2 Nyacol/WAC AOC Groundwater Evaluation 

A groundwater evaluation would be conducted to refine the extent of groundwater impacts and to 

modify the initial contaminant mass estimates. The results of the groundwater evaluation would 

be used to develop the scale of the in-situ treatment. The groundwater evaluation would 

incorporate sampling for all wells available after the Phase II PDI, and would also include the 

installation of the following wells located away from the immediate vicinity of the treatment area 

(Figure 4-2B): 

 

• North and northwest of MW-204A/B: additional monitoring points are needed to evaluate 

conditions in the PPA and to confirm that the proposed ICs are sufficiently protective. 

 

• Northeast of the WAC main building (near the former ERT-1 cluster, which has not been 

located during previous investigations): sentinel wells for contamination immediately 

downgradient of the target treatment area. If these wells are found to contain VOC 

concentrations above 10 mg/L, a set of step-out monitoring wells would be installed. The 
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monitoring wells would include one shallow overburden well screened across the water 

table, one deep overburden well set at the top of the bedrock surface, one shallow bedrock 

well installed within the top 15 feet of bedrock, and one deep bedrock well installed so that 

the bottom of casing (top of open zone) is at least 5 feet below the bottom of the shallow 

bedrock well. 

 

• West of WAC to define the extent of overburden and bedrock contamination north of the 

railroad tracks and west of the current well network within this area. Up to two overburden 

wells and two bedrock wells would be installed. 

 

• Overburden and bedrock south of the railroad tracks and west of SB-600 (west of the 

northeast Nyacol buildings) to define the extent of contamination in soil and groundwater. 

Bedrock is relatively shallow in this area (15 feet bgs). 

 

• South of the railroad tracks, southeast of ER-2 and MW-08 (south of the northeastern 

Nyacol building), to define the extent of overburden contamination in this area and serve 

as monitoring points upgradient of in-situ treatment. Bedrock is relatively shallow in this 

area (between 9 and 20 feet bgs), so a single shallow overburden and up to two bedrock 

wells (one shallow, one deep) would be installed. 

 

• Northwest of the bedrock hotspot, to monitor impacts downgradient and west of this area: 

one deep bedrock well would be installed. 

 

• North (downgradient) of the bedrock hotspot, to monitor downgradient concentrations in 

deep bedrock. 

 

Assumptions 

• Overburden wells and shallow would be installed using rotosonic drilling (this may be the 

same mobilization as other rotosonic drilling work); 

 

• Deep bedrock wells would be installed using air-rotary drilling and would have borehole 

geophysics, multi-interval sampling, and hydraulic testing (assumed to be packer testing) 

prior to well installation; and 
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• Selected wells would be sampled near the Nyacol/WAC AOC. 

 

4.3.1.3 DNAPL/ISCO Investigation 

The Alternative GW-4 PDI includes a DNAPL source investigation in overburden and fractured 

bedrock (Figure 4-2B). The objectives of the Alternative GW-4 DNAPL/ISCO PDI are to: 

 

• accurately locate and quantify the volume and mass of DNAPL (pooled and residual) and 

sorbed sources; 

• identify DNAPL and dissolved plume migration pathways within the source area;  

• determine the chemical and physical characteristics of the in-situ DNAPL sources;  

• evaluate soil and groundwater characteristics critical for in-situ treatment design; and 

• collect other information critical for the RD, such as in-situ DNAPL recovery rates and 

capture zone for DNAPL recovery and in-situ chemical injection rates. 

 

The results of the DNAPL PDI would be used to identify appropriate source targets for 

remediation, determine the layout and design of the full-scale DNAPL recovery and in-situ 

treatment system, and to evaluate other system enhancements that could be incorporated in the 

RD to increase the efficacy of future DNAPL recovery. 

 

Phase I DNAPL PDI 

The first phase of the DNAPL PDI (Phase I DNAPL) would rely in part on DPT drilling in 

combination with high resolution in-situ screening and profiling tools for: 

 

• free-phase NAPL (e.g. DyeLIF [Einarson et al., 2016] or other tools that may identify 

chlorinated solvent DNAPL);  

• dissolved VOCs (e.g. MiHPT or similar); and 

• hydraulic injection pressure profiling/hydraulic conductivity (e.g. MiHPT). 

 

In addition, a limited groundwater profiling program would be conducted using DPT to confirm the 

dissolved groundwater concentrations identified in the in-situ profiling described above. Target 

locations for monitoring wells and DNAPL extraction wells would be selected based on the results 
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of the profiling program. The target treatment zone for in-situ treatment would also be adjusted 

based on these results. Soil sampling would be conducted under Phase II below. 

 

Assumptions 

• High-resolution screening would target overburden zones in the DNAPL source areas, as 

shown in Figure 4-2B. 

• Groundwater profiling samples would be collected every 2 feet below the water table. 

• The actual locations and ultimate scope of the Phase I DNAPL investigation would be 

optimized based on real time or expedited data review and may include more or less locations. 

 

Phase II DNAPL PDI 

The results of the Phase I DNAPL investigation would be used to design a focused DNAPL source 

soil and bedrock drilling and sampling program (Phase II DNAPL) to confirm and further 

characterize identified DNAPL sources in greater detail. This Phase II DNAPL investigation would 

include additional overburden and bedrock DNAPL recovery well installation where pooled 

DNAPL is inferred to be present in recoverable quantities. Wells would be installed using rotosonic 

methods. During the recovery well installations, soil and shallow bedrock would be sampled 

continuously from overburden into bedrock.  

 

Bedrock cores would be collected from a subset of the Phase II DNAPL locations for detailed 

evaluation. Cores would be sampled for matrix diffusion chemical and physical analysis to 

determine the contaminant mass that may require additional treatment as the available 

groundwater in fractures is treated (for example using COREDFN [Parker, 2011]).  

 

All DNAPL recovery wells installed for GW-4 would be used for later chemical injections and/or 

pumping for in-situ treatment. Accordingly, the wells installed during the Phase II DNAPL PDI 

would be a subset of the total treatment well network to be installed during the GW-4 full-scale 

RA and it is assumed that these wells would be part of a uniform network of wells located based 

on an assumed 30-foot spacing as shown in Figure 4-2C.  

 

Assumptions 

• During the Phase II DNAPL PDI, the following activities would be performed: 
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o Confirmation soil and shallow bedrock sampling would be performed with 

continuous sample collection using rotosonic drilling. 

 

o It is assumed that DNAPL recovery/ISCO injection wells would be installed in the 

overburden and shallow fractured bedrock. 

 

o Rock coring and matrix diffusion evaluation (e.g. COREDFN) would be performed in 

the shallow bedrock DNAPL areas, in the area downgradient of the landfill, and in 

areas of interest to be determined during the PDI. 

 

o Soil samples would be collected for analysis of VOCs, SVOCs, physical properties 

such as total organic carbon, and other parameters to assist with in-situ treatment 

reagent selection and dosing. 

 

• The actual locations and ultimate scope of the Phase II DNAPL investigation would be 

optimized based on expedited data review and may include more or fewer locations. 

 

4.3.1.4 DNAPL/ISCO Pilot Study 

Following the Phase II DNAPL PDI and the groundwater evaluation PDI, a field-scale pilot study 

would be conducted. The objective of the pilot study would be to:  

 

• optimize DNAPL extraction well construction design; 

 

• evaluate the treatment well capture zone for DNAPL extraction and ROI for in-situ 

injections; 

 

• establish realistic DNAPL extraction rates and recovery volume estimates; 

 

• establish realistic in-situ injection rates; 

 

• evaluate and compare the treatment performance of specific activated persulfate 

formulations for in-situ treatment (e.g. alkaline-activated versus iron-activated); 
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• evaluate pneumatic or hydraulic fracturing of discrete zones within the overburden and/or 

shallow bedrock and/or other enhancements in order to enhance the DNAPL recovery 

ROI and recovery rates; and 

 

• provide other information that may be necessary to resolve RD data gaps. 

 

Wells utilized for the pilot study would be from the Phase II DNAPL well network and would be 

selected based on the results of the DNAPL source PDI described in Section 4.3.1.2. The specific 

well locations would be selected to bracket the range of aquifer properties and chemical 

conditions anticipated to be encountered in the overburden and bedrock in-situ treatment zones. 

The pilot study is assumed to require several rounds of post-treatment monitoring to evaluate the 

test performance. 

 

Assumptions 

• The pilot study would be performed utilizing the installed Phase II recovery wells; 

• DNAPL characterization samples would be collected from each well with recoverable 

DNAPL (20 wells for cost estimating purposes); 

• Hydraulic fracturing would be performed in up to two borings prior to well construction;  

• The pilot study duration would be six months, including four rounds of post-treatment 

monitoring to evaluate aquifer response. 

 

4.3.2 Nyacol/WAC AOC DNAPL Extraction 

The wells installed as part of the PDI would be used for the full-scale DNAPL extraction if 

recoverable DNAPL is encountered. If the PDI results indicate that a groundwater hotspot with 

concentrations indicative of potential DNAPL may be located outside the PDI well network, 

additional recovery wells would be installed in a step-out drilling program (“step” drilling) to target 

potentially recoverable DNAPL. Angled recovery wells may be used to reach beneath sensitive 

structures (buildings and railroad tracks).  
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Alternative GW-4 also includes a provision to optimize DNAPL extraction in existing or new 

DNAPL extraction wells, which may include addition of amendments or water recirculation to 

enhance DNAPL recovery, or the use of pneumatic or hydraulic fracturing. 

 

The DNAPL recovery system would rely on manual pumping and extraction from the new DNAPL 

recovery wells to be installed as part of Alternative GW-4, as well as ongoing operation of the two 

existing extraction systems located at the Nyacol property (MW/B-11) and WAC property (MW-

113A). Recovered DNAPL would be manually consolidated in a centralized hazardous waste 

storage area, which is expected to be located on the Nyacol property.  

 

Assumptions 

• Additional overburden and bedrock DNAPL extraction wells would be installed during the 

full-scale RA step drilling program. 

• An optimization program after initial well installation and recovery would include 

installation of additional bedrock boreholes and conducting hydraulic fracturing. 

• Extraction wells that contain recoverable DNAPL would be included in O&M. 

• Enhanced DNAPL recovery would be achieved by implementation of hydraulically injected 

high-conductivity zones in the deep overburden. 

• DNAPL recovery would be performed on a monthly basis by using manual methods for a 

total duration of five years. 

 

4.3.3 Nyacol/WAC AOC In-Situ Treatment 

In-situ treatment (assumed to be in-situ chemical oxidation, or ISCO) would be performed during 

implementation of the full-scale Alternative GW-4 RA to treat contamination at the Nyacol/WAC 

AOC. The treatment would be implemented using activated persulfate as the primary reagent. 

Persulfate is selected because it is the only ISCO reagent with an oxidation energy capable of 

breaking down the chlorinated benzene COCs while achieving adequate aquifer distribution. 

Thermal remediation was considered, but the cost was prohibitive, and it would have required 

additional precautions to capture off-gas near the occupied buildings at WAC and Nyacol. The 

area shown on Figure 4-2C depicts the target treatment areas, including areas with potentially 

limited access. 
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The full-scale ISCO RA would be designed and performed based on the results of the PDI. It 

would commence when pooled DNAPL can no longer be recovered from the installed wells and 

would target deep overburden and shallow, weathered bedrock. Some injection locations may 

include shallow hot spots or multiple targets at different depth intervals (e.g. the hot spot 

downgradient of the landfill).  

 

The wells installed during PDI and DNAPL RA would be used for the ISCO RA. Additional ISCO 

well installations would be required to ensure that the inferred 30-foot injection spacing (estimated 

18-foot ROI) well network provides coverage over the entire source area, including sorbed 

contamination zones that were not the target of the PDI or DNAPL RAs. Additional source area 

wells may also be required in the event the PDI or DNAPL RA results indicate the presence of 

previously unidentified contaminant hotspots outside the PDI and DNAPL well network. Soil 

and/or bedrock samples would be collected during the well installation to evaluate geology, 

lithology, contaminant characteristics, and additional parameters to support remedy design 

(oxidant demand, permeability, etc.).  

 

To achieve significant reductions in chemical mass and address sorbed contamination, two full 

rounds of ISCO would be conducted and two partial rounds would be conducted to target areas 

of remaining contamination. 

 

Assumptions 

• Additional overburden and bedrock ISCO injection wells would be installed during the full-

scale ISCO RA drilling program. Some injection points are assumed to be installed at an 

angle (directional drilling). 

 

• All wells installed during the PDI and full-scale DNAPL RA would be utilized for the full-

scale ISCO RA. 

 

• Any deep bedrock wells installations would include the performance of borehole 

geophysics, multiple-interval packer sampling, and hydraulic testing. 

 

• Injection point density would be reduced to half in limited access areas, such as below 

building foundations. 
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• ISCO performance monitoring would use a selection of DNAPL extraction wells, ISCO 

injection wells, existing monitoring wells, and/or wells installed for the groundwater 

evaluation PDI and would include one pre-injection event and three post-injection events. 

 

• All deep bedrock wells installations would include borehole geophysics, multiple-interval 

packer sampling, and hydraulic testing. 

 

• The RD would consider methods to prevent contaminant migration during remedy 

implementation.  

 

4.3.4 Monitoring Well Network Optimization 

To determine if any changes are needed to the current VMS network, additional wells would be 

installed in the general areas shown in Figure 4-2A to address data gaps identified in the 2015 

monitoring report (Nobis, 2016) and optimize the monitoring well network for LTM. The optimized 

well network would monitor both the potential DNAPL area at the Nyacol/WAC AOC and the 

downgradient plume AOC to evaluate the potential for plume expansion and to evaluate the 

impact of DNAPL removal on downgradient groundwater concentrations. These would include 

additional monitoring wells at the following locations shown in Figure 4-2A, which includes the 

locations described in Section 4.2.3 as well as the following additional wells: 

 

• Near MW-302 (east of Main Street and south of Pleasant street): wells (one overburden 

and one bedrock) at this location would be used to evaluate deep overburden and bedrock 

concentrations in this area. 

 

• MW-403A/B (west of the 10-50 Main Street and the Sudbury River): the overburden well 

at this downgradient cluster is screened above 20 feet bgs; one deep overburden well 

would be installed to evaluate the downgradient impact of remediation. 

 

• Additional bedrock and overburden wells would be installed in the downgradient plume 

AOC at locations to be determined based on the more detailed evaluation of migration 

pathways completed for the PDI.  
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Assumptions 

• Additional overburden and bedrock monitoring wells would be installed for the plume 

network optimization; 

 

• All bedrock monitoring wells would be evaluated with borehole geophysics, hydraulic 

conductivity testing, and discrete-interval sampling (assumed packer testing) to provide 

additional Site characterization and locate appropriate well screens for long-term monitoring. 

 

• One initial comprehensive groundwater sampling round would be conducted for all 

available wells to fully characterize the groundwater and to determine the wells to be 

included in long-term monitoring. 

 

4.3.5 Long-Term Remedy Components 

Long-term remedy components include five-year reviews, ICs, and LTM, as described below.  

 

Five-Year Reviews 

Contaminants would remain in groundwater above concentrations acceptable for unlimited use of 

groundwater and unlimited exposure to indoor air for an extended period. Therefore, a review of 

site conditions and risks would be conducted every five years, as required by CERCLA, to ensure 

remedy protectiveness. 

 

Institutional Controls 

ICs will be implemented to prevent exposure to contaminated groundwater in non-drinking water 

areas, protect construction workers from exposure to groundwater and trench vapors during 

excavation activities, and require a vapor intrusion evaluation or VMS installation in new buildings 

constructed in the contaminated groundwater plume, including the Nyacol/WAC and the 

downgradient plume AOCs  (or if an existing building with a VMS is renovated or expanded in 

size). 
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Long-Term Monitoring 

LTM would be required to evaluate concentrations in both the Nyacol/WAC AOC and the plume 

AOC. Monitoring wells would be sampled on an annual basis, incorporating wells installed during 

the PDI and remedy implementation as well as existing wells. 

 

LTM would continue for as long as contaminant concentrations remain above cleanup standards. 

However, the number of wells sampled may be reduced if the extent of the plume decreases 

consistently over time. Groundwater sampling trends from LTM would be evaluated to determine 

the extent of any natural attenuation as part of the five-year review process. 

 

Assumptions 

• For LTM, selected monitoring wells would be sampled using low-flow methods and 

analyzed for VOCs, SVOCs, and general geochemistry to evaluate contaminant trends 

and natural attenuation. 

 

4.4 Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited 
Pump and Treat 

Alternative GW-5 includes in-situ treatment in the areas where DNAPL and/or residual 

contamination is expected to be located (the Nyacol and WAC properties and northeast of the 

landfill), immediately followed by groundwater pump and treat. No active treatment would be 

performed for the downgradient plume (monitoring only). Alternative GW-5 includes the 

Alternative GW-2 components (continue or option to optimize DNAPL extraction, implement ICs, 

monitor contaminant concentrations, and conduct five-year reviews; see Section 4.2) as well as 

the following additional active treatment components: 

 

• Use an in-situ treatment method (assumed to be in-situ chemical oxidation [ISCO]) in the 

areas within the Nyacol/WAC AOC with TCE concentrations above 10 mg/L (red areas on 

Figure 4-2A). 

 

• Install pumping well(s) at the Nyacol/WAC areas where TCE concentrations are above 10 

mg/L to capture groundwater. The source mass removal achieved through in-situ 
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treatment would greatly reduce the operation and maintenance time necessary for the 

pump and treat system. 

 

A PDI would be required to ensure that the target treatment areas are adequately and effectively 

captured by the pumping wells, and to determine the target overburden and bedrock zones for in-

situ treatment at Nyacol/WAC. 

 

MassDEP maintains the existing VMS systems. While the VMS will remain in place to reduce 

risks to human health until remedial goals are reached, they address indoor air and are not 

included in this groundwater alternative. 

 

Figure 4-3A depicts general components of Alternative GW-5. See Table 4-6 for the detailed 

analysis of this alternative. Tables 4-7A through 4-7C present the detailed analyses for 

compliance with chemical-, location-, and action-specific ARARs for this alternative. Detailed 

costs are provided in Appendix E. The estimated time for Alternative GW-5 to achieve the PRG 

for TCE at the downgradient edge of Nyacol/WAC (100 m from the presumed source) is 

approximately 180 years, as described in Appendix F. 

 

The components of Alternative GW-5 are described in more detail in the subsections below. 

 

4.4.1 Pre-Design Investigation 

A PDI would be performed in the Nyacol/WAC AOC to support remedy development. It would 

include the following work to address data gaps and develop a more complete CSM that 

accurately identifies appropriate DNAPL sources targeted for extraction: 

 

4.4.1.1 Surveys 

Surveys to be conducted to support the preliminary design include a site feature survey (including 

building footprint, utilities, all new monitoring wells, soil borings, and other investigation control) 

as well as a wetland delineation to update the current extent of wetland coverage and confirm the 

areas that may require mitigation or changes to the configuration of Alternative GW-5. 
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4.4.1.2 Nyacol/WAC Groundwater Evaluation 

A follow-on groundwater evaluation would be conducted to refine the extent of groundwater 

impacts and to modify the initial contaminant mass estimates. The results of the groundwater 

evaluation would be used to develop the scale of the in-situ treatment. The results of the 

groundwater evaluation also would be used to develop the design and scale of the groundwater 

pump and treat system. The groundwater evaluation would incorporate sampling for all wells 

available after the Phase II PDI, and would also include the installation of the following wells 

located away from the immediate vicinity of the treatment area (Figure 4-3B): 

 

• North and northwest of MW-204A/B: additional monitoring points are needed to evaluate 

conditions in the PPA and to confirm that the proposed ICs are sufficiently protective. 

 

• Northeast of the WAC main building (near the former ERT-1 cluster, which has not been 

located during previous investigations): sentinel wells for contamination immediately 

downgradient of the target treatment area. If these wells are found to contain VOC 

concentrations above 10 mg/L, a set of step-out monitoring wells would be installed. The 

monitoring wells would include one shallow overburden well screened across the water 

table, one deep overburden well set at the top of the bedrock surface, one shallow bedrock 

well installed within the top 15 feet of bedrock, and one deep bedrock well installed so that 

the bottom of casing (top of open zone) is at least 5 feet below the bottom of the shallow 

bedrock well. 

 

• West of WAC to define the extent of overburden and bedrock contamination north of the 

railroad tracks and west of the current well network within this area. Up to two overburden 

wells and two bedrock wells would be installed. 

 

• Overburden and bedrock south of the railroad tracks and west of SB-600 (west of the 

northeast Nyacol buildings) to define the extent of contamination in soil and groundwater. 

Bedrock is relatively shallow in this area (15 feet bgs). 

 

• South of the railroad tracks, southeast of ER-2 and MW-08 (south of the northeastern 

Nyacol building), to define the extent of overburden contamination in this area and serve 

as monitoring points upgradient of in-situ treatment. Bedrock is relatively shallow in this 
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area (between 9 and 20 feet bgs), so a single shallow overburden and up to two bedrock 

wells (one shallow, one deep) would be installed. 

 

• Northwest of the bedrock hotspot, to monitor impacts downgradient and west of this area: 

one deep bedrock well would be installed. 

 

• North (downgradient) of the bedrock hotspot, to monitor downgradient concentrations in 

deep bedrock. 

 

Assumptions 

• Overburden wells and shallow would be installed using rotosonic drilling (this may be the 

same mobilization as other rotosonic drilling work); 

 

• Deep bedrock wells would be installed using air-rotary drilling and would have borehole 

geophysics, multi-interval sampling, and hydraulic testing (assumed to be packer testing) 

prior to well installation; and 

 

• Selected wells would be sampled near the Nyacol/WAC area. 

 

4.4.1.3 DNAPL/ISCO Investigation 

The Alternative GW-5 PDI includes a DNAPL source investigation in overburden and fractured 

bedrock (Figure 4-3B) at the Nyacol/WAC AOC. The objectives of the Alternative GW-5 

DNAPL/ISCO PDI are to: 

 

• accurately locate and quantify the volume and mass of DNAPL (pooled and residual) and 

sorbed sources; 

• identify DNAPL and dissolved plume migration pathways within the source area;  

• determine the chemical and physical characteristics of the in-situ DNAPL sources;  

• evaluate soil and groundwater characteristics critical for in-situ treatment design; and 

• collect other information critical for the RD, such as in-situ DNAPL recovery rates and 

capture zone for DNAPL recovery and in-situ chemical injection rates. 
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The results of the DNAPL PDI would be used to identify appropriate source targets for 

remediation, determine the layout and design of the full-scale DNAPL recovery and in-situ 

treatment system, and to evaluate other system enhancements that could be incorporated in the 

RD to increase the efficacy of future DNAPL recovery. 

 

Phase I DNAPL PDI 

The first phase of the DNAPL PDI (Phase I DNAPL) would rely in part on DPT drilling in 

combination with high resolution in-situ screening and profiling tools for: 

 

• free-phase NAPL (e.g. DyeLIF [Einarson et al., 2016] or other tools that may identify 

chlorinated solvent DNAPL);  

• dissolved VOCs (e.g. MiHPT or similar); and 

• hydraulic injection pressure profiling/hydraulic conductivity (e.g. MiHPT). 

 

In addition, a limited groundwater profiling program would be conducted using DPT to confirm the 

dissolved groundwater concentrations identified in the in-situ profiling described above. Target 

locations for monitoring wells and DNAPL extraction wells would be selected based on the results 

of the profiling program. The target treatment zone for in-situ treatment would also be adjusted 

based on these results. Soil sampling would be conducted under Phase II below. 

 

Assumptions 

• High-resolution screening would target overburden zones in the DNAPL source areas, as 

shown in Figure 4-3B. 

• Groundwater profiling samples would be collected every 2 feet below the water table. 

• The actual locations and ultimate scope of the Phase I DNAPL investigation would be 

optimized based on real time or expedited data review and may include more or less locations. 

 

Phase II DNAPL PDI 

The results of the Phase I DNAPL investigation would be used to design a focused DNAPL source 

soil and bedrock drilling and sampling program (Phase II DNAPL) to confirm and further 

characterize identified DNAPL sources in greater detail. This Phase II DNAPL investigation would 

include additional overburden and bedrock DNAPL recovery well installation where pooled 
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DNAPL is inferred to be present in recoverable quantities. Wells would be installed using rotosonic 

methods. During the recovery well installations, soil and shallow bedrock would be sampled 

continuously from overburden into bedrock.  

 

Bedrock cores would be collected from a subset of the Phase II DNAPL locations for detailed 

evaluation. Cores would be sampled for matrix diffusion chemical and physical analysis to 

determine the contaminant mass that may require additional treatment as the available 

groundwater in fractures is treated (for example using COREDFN [Parker, 2011]).  

 

All DNAPL recovery wells installed for Alternative GW-5 would be used for later chemical 

injections and/or pumping for in-situ treatment. Accordingly, the wells installed during the Phase 

II DNAPL PDI would be a subset of the total treatment well network to be installed during the 

Alternative GW-5 full-scale RA and it is assumed that these wells would be part of a uniform 

network of wells located based on an assumed 30-foot spacing as shown in Figure 4-3C.  

 

Assumptions 

• During the Phase II DNAPL PDI, the following activities would be performed: 

 

o Confirmation soil and shallow bedrock sampling would be performed with 

continuous sample collection using rotosonic drilling. 

 

o It is assumed that DNAPL recovery/ISCO injection wells would be installed in the 

overburden and the shallow fractured bedrock. 

 

o Rock coring and matrix diffusion evaluation (e.g. COREDFN) would be performed in 

the shallow bedrock DNAPL areas, in the area downgradient of the landfill, and in 

areas of interest to be determined during the PDI. 

 

o Soil samples would be collected for analysis of VOCs, SVOCs, physical properties 

such as total organic carbon, and other parameters to assist with in-situ treatment 

reagent selection and dosing. 
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• The actual locations and ultimate scope of the Phase II DNAPL investigation would be 

optimized based on expedited data review and may include more or fewer locations. 

 

4.4.1.4 DNAPL/ISCO Pilot Study 

Following the Phase II DNAPL PDI and the groundwater evaluation PDI, a field-scale pilot study 

would be conducted. The objective of the pilot study would be to:  

 

• optimize DNAPL extraction well construction design; 

 

• evaluate the treatment well capture zone for DNAPL extraction and ROI for in-situ 

injections; 

 

• establish realistic DNAPL extraction rates and recovery volume estimates; 

 

• establish realistic in-situ injection rates; 

 

• evaluate and compare the treatment performance of specific activated persulfate 

formulations for in-situ treatment (e.g. alkaline-activated versus iron-activated); 

 

• evaluate pneumatic or hydraulic fracturing of discrete zones within the overburden and/or 

shallow bedrock and/or other enhancements in order to enhance the DNAPL recovery 

ROI and recovery rates; and 

 

• provide other information that may be necessary to resolve RD data gaps. 

 

Wells utilized for the pilot study would be from the Phase II DNAPL well network and would be selected 

based on the results of the DNAPL source PDI described in Section 4.4.1.3. The specific well locations 

would be selected to bracket the range of aquifer properties and chemical conditions anticipated to 

be encountered in the overburden and bedrock in-situ treatment zones. The pilot study is assumed to 

require several rounds of post-treatment monitoring to evaluate the test performance. 
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Assumptions 

• The pilot study would be performed utilizing the installed Phase II recovery wells; 

• DNAPL characterization samples would be collected from each well with recoverable 

DNAPL; 

• Hydraulic fracturing would be performed in up to two borings prior to well construction; 

and 

• The pilot study duration would be six months, including four rounds of post-treatment 

monitoring to evaluate aquifer response. 

 

4.4.2 Nyacol/WAC AOC DNAPL Extraction 

The wells installed as part of the PDI would be used for the full-scale DNAPL extraction if 

recoverable DNAPL is encountered. If the PDI results indicate that a groundwater hotspot with 

concentrations indicative of potential DNAPL may be located outside the PDI well network, 

additional recovery wells would be installed in a step-out drilling program (“step” drilling) to target 

potentially recoverable DNAPL. Angled recovery wells may be used to reach beneath sensitive 

structures (buildings and railroad tracks).  

 

Alternative GW-5 also includes a provision to optimize DNAPL extraction in existing or new 

DNAPL extraction wells, which may include addition of amendments or water recirculation to 

enhance DNAPL recovery, or the use of pneumatic or hydraulic fracturing. 

 

The DNAPL recovery system would rely on manual pumping and extraction from the new DNAPL 

recovery wells to be installed as part of Alternative GW-5, as well as ongoing operation of the two 

existing extraction systems located at the Nyacol property (MW/B-11) and WAC property (MW-

113A). Recovered DNAPL would be manually consolidated in a centralized hazardous waste 

storage area, which is expected to be located on the Nyacol property.  

 

Assumptions 

• Additional overburden and bedrock DNAPL extraction wells would be installed during the 

full-scale RA step drilling program. 

• An optimization program after initial well installation and recovery would include 

installation of additional bedrock boreholes and conducting hydraulic fracturing. 
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• Extraction wells that contain recoverable DNAPL would be included in O&M. 

• Enhanced DNAPL recovery would be achieved by implementation of hydraulically injected 

high-conductivity zones in the deep overburden. 

• DNAPL recovery would be performed on a monthly basis by using manual methods for a 

total duration of five years. 

 

4.4.3 Nyacol/WAC AOC In-Situ Treatment 

In-situ treatment (assumed to be ISCO) would be performed during implementation of the full-

scale Alternative GW-5 RA to treat contamination at the Nyacol/WAC AOC. The treatment would 

be implemented using activated persulfate as the primary reagent. Persulfate is selected because 

it is the only ISCO reagent with an oxidation energy capable of breaking down the chlorinated 

benzene COCs while achieving adequate aquifer distribution. Thermal remediation was 

considered, but the cost was prohibitive, and it would have required additional precautions to 

capture off-gas near the occupied buildings at WAC and Nyacol. The area shown on Figure 4-2C 

depicts the target treatment areas, including areas with potentially limited access. 

 

The full-scale ISCO RA would be designed and performed based on the results of the PDI. It 

would commence when pooled DNAPL can no longer be recovered from the installed wells and 

would target deep overburden and shallow, weathered bedrock. Some injection locations may 

include shallow hot spots or multiple targets at different depth intervals (e.g. the hot spot 

downgradient of the landfill).  

 

The wells installed during PDI and DNAPL RA would be used for the ISCO RA. Additional ISCO 

well installations would be required to ensure that the inferred 30-foot injection spacing (estimated 

18-foot ROI) well network provides coverage over the entire source area, including sorbed 

contamination zones that were not the target of the PDI or DNAPL RAs. Additional source area 

wells may also be required in the event the PDI or DNAPL RA results indicate the presence of 

previously unidentified contaminant hotspots outside the PDI and DNAPL well network. Soil 

and/or bedrock samples would be collected during the well installation to evaluate geology, 

lithology, contaminant characteristics, and additional parameters to support remedy design 

(oxidant demand, permeability, etc.).  
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To achieve significant reductions in chemical mass and address sorbed contamination, two full 

rounds of ISCO would be conducted and two partial rounds would be conducted to target areas 

of remaining contamination. 

 

Assumptions 

• Additional overburden and bedrock ISCO injection wells would be installed during the full-

scale ISCO RA drilling program. Some injection points are assumed to be installed at an 

angle (directional drilling). 

 

• All wells installed during the PDI and full-scale DNAPL RA would be utilized for the full-

scale ISCO RA. 

 

• Any deep bedrock wells installations would include the performance of borehole 

geophysics, multiple-interval packer sampling, and hydraulic testing. 

 

• Injection point density would be reduced to half in limited access areas, such as below 

building foundations. 

 

• ISCO performance monitoring would use a selection of DNAPL extraction wells, ISCO 

injection wells, existing monitoring wells, and/or wells installed for the groundwater 

evaluation PDI and would include one pre-injection event and three post-injection events. 

 

• All deep bedrock wells installations would include borehole geophysics, multiple-interval 

packer sampling, and hydraulic testing. 

 

• The RD would consider methods to prevent contaminant migration during remedy 

implementation.  

 

4.4.4 Nyacol/WAC AOC Groundwater Pump and Treat 

Following the DNAPL and in-situ RAs, a groundwater extraction and treatment system would be 

installed at the Nyacol/WAC AOC to reduce or prevent the migration of contaminants that were 

not addressed during in-situ treatment, such as contamination beneath active facilities that may 
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not be reached with angled injection boreholes, contamination sorbed to aquifer materials, and 

any contaminated groundwater located in dead-end or other fractures that were not accessed 

during in situ injections. The groundwater extraction would prevent contamination migration 

downgradient of the source area.  

 

4.4.4.1 Pump and Treat Pilot Study 

Based on the results of the DNAPL source PDI described previously, a field-scale pilot study for 

pump and treat would be conducted. The objective of the pilot study would be to:  

 

• optimize groundwater extraction well locations and construction design;  

• establish pumping requirements to achieve adequate plume capture; 

• determine critical aquifer parameters (e.g. heterogeneity, anisotropy, transmissivity, etc.); 

• perform a contaminant characterization of recovered groundwater;  

• determine total groundwater volumetric flux and contaminant load that would result from 

full-scale pump and treat; and 

• verify that treatment can be achieved with the design treatment train components. 

 

Assumptions 

• Two pumping tests are assumed: one bedrock test downgradient of the landfill (multiple 

bedrock wells for testing) and one test near the DNAPL source zone (combination of wells, 

including deep overburden, weathered bedrock, and shallow bedrock). 

 

• Wells utilized for the pilot study would be selected from the available well network, which 

would include existing wells, the Phase II DNAPL wells, injection wells, and the 

groundwater evaluation wells. 

 

• The pumping test would be conducted after the in-situ treatment to focus on the areas 

identified as containing significant remaining residual source mass.  
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4.4.4.2 Full-Scale Pump and Treat 

The details of the Nyacol/WAC AOC groundwater extraction and treatment would be determined 

based on the results of the PDI; the full-scale DNAPL and in-situ RA; and the pump and treat pilot 

study.  

 

It is assumed that the full-scale pump and treat extraction wells would be installed within the footprint 

of the bedrock hotspot immediately downgradient (northeast) of the landfill and the potential DNAPL 

area, to capture the highest identified groundwater concentrations. Pump and treat wells would be 

installed at depths designed to provide the hydraulic control objectives while preventing to the 

greatest extent possible contaminant migration. Potential locations are shown in Figure 4-3C, but 

these locations are subject to change based on PDI results.  

 

The extraction wells immediately downgradient of the landfill would target the most contaminated 

bedrock fracture zones in this area. Analytical results from existing wells in this area (screened at 

93-108 feet bgs at MW-402 and 21-31 feet bgs at MW-503B) suggest that multiple 

fractures/fracture zones may be contributing contamination.  

 

A network of groundwater extraction wells would be installed within the potential DNAPL area to 

achieve complete groundwater capture in this area, given the relatively shallow contamination 

and the presence of fine-grained materials which would reduce potential flow rates. Extraction 

wells would be installed in the overburden and weathered bedrock and in the shallow bedrock 

below this zone. Initial estimates of groundwater capture zones and extraction rates for 

cost/scoping are based on calculations provided in Appendix G. 

 

The extracted groundwater would be treated prior to discharge. The process train used, volumes 

treated, and location of infrastructure such as treatment building(s) would be determined based 

on the results of the PDI; however, a groundwater treatment system has been proposed (see 

assumptions below) to support cost estimates and treatment timeframes to compare alternatives. 

Discharge of the treated water is assumed to be to the Town of Ashland sewer system. Ashland’s 

sewer delivers wastewater to the Framingham sewer and thence to the Massachusetts Water 

Resources Authority (MWRA) system.  

 



 

NH-4537-2020-DF 92 Nobis Engineering, Inc. 

Although several assumptions have been made regarding the number and location of extraction 

wells/treatment systems as well as treatment processes, the results of the GW-5 PDI and Plume 

pilot study would be used to optimize the selected remedy. 

 

Assumptions 

• Overburden extraction wells would be used to capture groundwater in the potential DNAPL 

area. Existing wells will be used to the extent possible. 

 

• Deep bedrock extraction wells would be used to capture groundwater downgradient of the 

landfill. 

 

• Extracted groundwater would be pumped to a central treatment building; the extraction 

well network would pump a total of 30 gpm. 

 

• The groundwater treatment train would include the following (schematic in Appendix E): 

 

o Oil-water separator to remove any DNAPL. 

 

o Holding tank with polyphosphate, which works as a sequestering agent to inhibit 

the precipitation of hardness by distorting the shape of the calcium carbonate 

molecules and inhibits iron and manganese precipitation by preventing close 

contact between the ions (QED, 2013). 

 

o Heat exchanger to improve air stripper efficiency. 

 

o Air stripper to remove chlorinated ethenes, chlorinated benzenes, and 

nitrobenzene. 

 

o Air stripper off-gas to be treated with activated carbon to meet requirements put 

forth by 310 CMR 40 and 310 CMR 7.00. 

 

• Treated groundwater would be retained for sampling prior to discharge to the POTW 

(MWRA Deer Island, Boston, Massachusetts). Treated groundwater that is discharged to 
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the sewer would meet 360 CMR 10.00 and the National Pretreatment standards (40 CFR 

403.5).  

 

4.4.5 Monitoring Well Network Optimization 

To determine if any changes are needed to the current VMS network, additional wells would be 

installed in the general areas shown in Figure 4-3A to address data gaps identified in the 2015 

monitoring report (Nobis, 2016) and optimize the monitoring well network for LTM. The optimized 

well network would monitor both the potential DNAPL area at the Nyacol/WAC AOC and the 

downgradient plume AOC to evaluate the potential for plume expansion and to evaluate the 

impact of DNAPL removal on downgradient groundwater concentrations. These would include 

additional monitoring wells at the following locations shown in Figure 4-2A, which includes the 

locations described in Section 4.2.3 as well as the following additional wells: 

 

• Near MW-302 (east of Main Street and south of Pleasant street): wells (one overburden 

and one bedrock) at this location would be used to evaluate deep overburden and bedrock 

concentrations in this area. 

 

• MW-403A/B (west of the 10-50 Main Street and the Sudbury River): the overburden well 

at this downgradient cluster is screened above 20 feet bgs; one deep overburden well 

would be installed to evaluate the downgradient impact of remediation. 

 

• Two additional wells (one overburden and one bedrock) would be installed in the 

downgradient plume AOC at locations to be determined based on the more detailed 

evaluation of migration pathways completed for the PDI.  

 

Assumptions 

• Additional overburden and bedrock monitoring wells would be installed for the plume 

network optimization; 

 

• All bedrock monitoring wells would be evaluated with borehole geophysics, hydraulic 

conductivity testing, and discrete-interval sampling (assumed packer testing) to provide 

additional Site characterization and locate appropriate well screens for long-term monitoring. 
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• One initial comprehensive groundwater sampling round would be conducted for all 

available wells to fully characterize the groundwater and to determine the wells to be 

included in long-term monitoring. 

 

4.4.6 Long-Term Remedy Components 

Long-term remedy components include five-year reviews, ICs, and LTM, as described below.  

 

Five-Year Reviews 

Contaminants would remain in groundwater above concentrations acceptable for unlimited use of 

groundwater and unlimited exposure to indoor air for an extended period. Therefore, a review of 

site conditions and risks would be conducted every five years, as required by CERCLA, to ensure 

remedy protectiveness. 

 

Institutional Controls 

ICs will be implemented to prevent exposure to contaminated groundwater in non-drinking water 

areas, protect construction workers from exposure to groundwater and trench vapors during 

excavation activities, and require a vapor intrusion evaluation or VMS installation in new buildings 

constructed in the contaminated groundwater plume, including the Nyacol/WAC and the 

downgradient plume AOCs  (or if an existing building with a VMS is renovated or expanded in 

size). 

 

Long-Term Monitoring 

LTM would be required to evaluate concentrations in both the Nyacol/WAC AOC and the 

downgradient plume AOC. Selected monitoring wells would be monitored on an annual basis, 

incorporating wells installed during the PDI and remedy implementation as well as existing wells. 

 

LTM would continue for as long as contaminant concentrations remain above cleanup standards. 

However, the number of wells sampled may be reduced if the extent of the plume decreases 

consistently over time. Groundwater sampling trends from LTM would be evaluated to determine 

the extent of any natural attenuation as part of the five-year review process. 
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Assumptions 

• For LTM, selected monitoring wells would be sampled using low-flow methods and 

analyzed for VOCs, SVOCs, and general geochemistry to evaluate contaminant trends 

and natural attenuation. 

 

4.5 Alternative GW-8: Nyacol/WAC AOC In-Situ Treatment and Limited 
Pump and Treat; Downgradient Plume AOC In-Situ Treatment 

Alternative GW-8 includes in-situ treatment in the areas where DNAPL and/or residual 

contamination is expected to be located (extremely high VOC concentrations on the Nyacol and 

WAC properties and northeast of the landfill), immediately followed by groundwater pump and 

treat as a polishing step. The alternative also includes in-situ chemical treatment within the 

downgradient plume, in overburden only. It includes the following additional active treatment 

components as well as the Alternative GW-2 components (continue DNAPL extraction with 

optional optimization, implement ICs, monitor contaminant concentrations, and conduct five-year 

reviews; see Section 4.2): 

 

• Use an in-situ treatment method in the areas within the Nyacol/WAC AOC with TCE 

concentrations above 10 mg/L (red areas on Figure 4-4A). 

 

• Install pumping well(s) at the Nyacol/WAC areas where concentrations are above 10 mg/L 

to capture groundwater (green area on Figure 4-4A).  

 

• Inject chemicals within the overburden in the downgradient plume to reduce contaminant 

concentrations within the area of overburden TCE concentrations above 0.1 mg/L and 

total COC concentrations above 1 mg/L. Given the extensive size of the bedrock 

downgradient plume, the depth of the bedrock in this area, and the cost of investigating 

fractures to target in-situ treatment, bedrock injection has not been included in this 

alternative. 

 

A PDI would be required to ensure that the target treatment areas are adequately and effectively 

captured by the pumping wells, and to determine the target downgradient overburden and 

Nyacol/WAC bedrock zones for in-situ treatment. 
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MassDEP maintains the existing VMS. While the VMS will remain in place to reduce risks to 

human health until remedial goals are reached, they address indoor air and are not included in 

this groundwater alternative. 

 

See Table 4-8 for the detailed analysis of Alternative GW-8. Tables 4-9A through 4-9C present 

the detailed analyses for compliance with chemical-, location-, and action-specific ARARs for this 

alternative. Figure 4-4A depicts the general components of this alternative. Detailed costs are 

provided in Appendix E. The estimated time for Alternative GW-8 to achieve the PRG for TCE at 

the downgradient edge of Nyacol/WAC (100 m from the presumed source) is approximately 40 

years, as described in Appendix F. Remedial activity in the plume area results in a shorter 

estimate to reach target concentration in the downgradient portion of the plume. 

 

The subsections below provide details regarding the individual components of Alternative GW-8. 

 

4.5.1 Pre-Design Investigation 

A PDI would be performed in the Nyacol/WAC and downgradient plume AOCs to support remedy 

development. The PDI would have similar components to Alternative GW-5 for the Nyacol/WAC 

AOC. It would include the following work to address data gaps: 

 

4.5.1.1 Surveys 

Surveys to be conducted to support the preliminary design include a site feature survey (including 

building footprint, utilities, all new monitoring wells, soil borings, and other investigation control) 

as well as a wetland delineation to update the current extent of wetland coverage and confirm the 

areas that may require mitigation or changes to the configuration of Alternative GW-8. 

 

4.5.1.2 Nyacol/WAC Groundwater Evaluation 

A groundwater evaluation would be conducted to determine the extent of the plume and to modify 

the initial contaminant mass estimates. The results of the groundwater evaluation would be used 

to develop the scale of the in-situ treatment. The results of the groundwater evaluation would also 

be used to develop the design and scale of the groundwater pump and treat system. The 

groundwater evaluation would incorporate sampling for all wells available after the Phase II PDI, 
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and would also include the installation of the following wells located away from the immediate 

vicinity of the treatment area as shown in Figure 4-4B: 

 

• Northeast of the WAC main building (near the former ERT-1 cluster, which has not been 

located during previous investigations): sentinel wells for contamination immediately 

downgradient of the target treatment area. If these wells are found to contain VOC 

concentrations above 10 mg/L, a set of step-out monitoring wells would be installed. The 

monitoring wells would include one shallow overburden well screened across the water 

table, one deep overburden well set at the top of the bedrock surface, one shallow bedrock 

well installed within the top 15 feet of bedrock, and one deep bedrock well installed so that 

the bottom of casing (top of open zone) is at least 5 feet below the bottom of the shallow 

bedrock well. 

 

• West of WAC to define the extent of overburden and bedrock contamination north of the 

railroad tracks and west of the current well network within this area. Up to two overburden 

wells and two bedrock wells would be installed. 

 

• Overburden and bedrock south of the railroad tracks and west of SB-600 (west of the 

northeast Nyacol buildings) to define the extent of contamination in soil and groundwater. 

Bedrock is relatively shallow in this area (15 feet bgs). 

 

• South of the railroad tracks, southeast of ER-2 and MW-08 (south of the northeastern 

Nyacol building), to define the extent of overburden contamination in this area and serve 

as monitoring points upgradient of in-situ treatment. Bedrock is relatively shallow in this 

area (between 9 and 20 feet bgs), so a single shallow overburden and up to two bedrock 

wells (one shallow, one deep) would be installed. 

 

• Northwest of the bedrock hotspot, to monitor impacts downgradient and west of this area: 

one deep bedrock well would be installed. 

 

• North (downgradient) of the bedrock hotspot, to monitor downgradient concentrations in 

deep bedrock. 
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A follow-on groundwater evaluation would be conducted to refine the extent of groundwater 

impacts and to modify the initial contaminant mass estimates. The results of the groundwater 

evaluation would be used to develop the design and scale of the groundwater pump and treat 

system. The groundwater evaluation would incorporate sampling for all wells available after the 

Phase II PDI and would also include the installation of wells located away from the immediate 

vicinity of the treatment area. See Section 4.4.1.2 for a description of the additional wells needed. 

 

Assumptions 

• Overburden wells and shallow would be installed using rotosonic drilling (this may be the 

same mobilization as other rotosonic drilling work); 

 

• Deep bedrock wells would be installed using air-rotary drilling and would have borehole 

geophysics, multi-interval sampling, and hydraulic testing (assumed to be packer testing) 

prior to well installation; and 

 

• Selected wells would be sampled in the vicinity of the Nyacol/WAC AOC. 

 

4.5.1.3 DNAPL/ISCO Investigation 

The Alternative GW-8 PDI includes a DNAPL source investigation in overburden and fractured 

bedrock (Figure 4-4B). The objectives of the Alternative GW-8 DNAPL/ISCO PDI are to: 

 

• accurately locate and quantify the volume and mass of DNAPL (pooled and residual) and 

sorbed sources; 

• identify DNAPL and dissolved plume migration pathways within the source area;  

• determine the chemical and physical characteristics of the in-situ DNAPL sources;  

• evaluate soil and groundwater characteristics critical for in-situ treatment design; and 

• collect other information critical for the RD, such as in-situ DNAPL recovery rates and 

capture zone for DNAPL recovery and radius of influence for in-situ chemical injection rates. 

 

The results of the DNAPL PDI would be used to identify appropriate source targets for 

remediation, determine the layout and design of the full-scale DNAPL recovery and in-situ 



 

NH-4537-2020-DF 99 Nobis Engineering, Inc. 

treatment system, and to evaluate other system enhancements that could be incorporated in the 

RD to increase the efficacy of future DNAPL recovery. 

 

Phase I DNAPL PDI 

The first phase of the DNAPL PDI (Phase I DNAPL) would rely in part on DPT drilling in 

combination with high resolution in-situ screening and profiling tools for: 

 

• free-phase NAPL (e.g. DyeLIF [Einarson et al., 2016] or other tools that may identify 

chlorinated solvent DNAPL);  

• dissolved VOCs (e.g. MiHPT or similar); and 

• hydraulic injection pressure profiling/hydraulic conductivity (e.g. MiHPT). 

 

In addition, a limited groundwater profiling program would be conducted using DPT to confirm the 

dissolved groundwater concentrations identified in the in-situ profiling described above. Target 

locations for monitoring and DNAPL extraction wells would be selected based on the results of 

the profiling. The target treatment zone for in-situ treatment would also be adjusted based on 

these results. Soil sampling would be conducted under Phase II below. 

 

Assumptions 

• High-resolution screening would target overburden zones in the DNAPL source areas, as 

shown in Figure 4-4B. 

• Groundwater profiling samples would be collected every 2 feet below the water table. 

• The actual locations and ultimate scope of the Phase I DNAPL investigation would be 

optimized based on real time or expedited data review and may include more or less locations. 

 

Phase II DNAPL PDI 

The results of the Phase I DNAPL investigation would be used to design a focused DNAPL source 

soil and bedrock drilling and sampling program (Phase II DNAPL) to confirm and further 

characterize identified DNAPL sources in greater detail. This Phase II DNAPL investigation would 

include additional overburden and bedrock DNAPL recovery well installation where pooled 

DNAPL is inferred to be present in recoverable quantities. Wells would be installed using rotosonic 
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methods. During the recovery well installations, soil and shallow bedrock would be sampled 

continuously from overburden into bedrock.  

 

Bedrock cores would be collected from a subset of the Phase II DNAPL locations for detailed 

evaluation. Cores would be sampled for matrix diffusion chemical and physical analysis to 

determine the contaminant mass that may require additional treatment as the available 

groundwater in fractures is treated (for example using COREDFN [Parker, 2011]).  

 

All DNAPL recovery wells installed for Alternative GW-8 would be used for later chemical 

injections and/or pumping for in-situ treatment. Accordingly, the wells installed during the Phase 

II DNAPL PDI would be a subset of the total treatment well network to be installed during the full-

scale RA and it is assumed that these wells would be part of a uniform network of wells located 

based on an assumed 30-foot spacing as shown in Figure 4-4C.  

 

Assumptions 

• During the Phase II DNAPL PDI, the following activities would be performed: 

 

o Confirmation soil and shallow bedrock sampling would be performed with 

continuous sample collection using rotosonic drilling. 

 

o It is assumed that DNAPL recovery/ISCO injection wells would be installed in the 

overburden and the shallow fractured bedrock. 

 

o Rock coring and matrix diffusion evaluation (e.g. COREDFN) would be performed in 

the shallow bedrock DNAPL areas, the area downgradient of the landfill, and areas 

of particular interest to be determined during the PDI. 

 

o Soil samples would be collected for analysis of VOCs, SVOCs, physical properties 

such as total organic carbon, and other parameters to assist with ISCO reagent 

selection and dosing. 

 

• The actual locations and ultimate scope of the Phase II DNAPL investigation would be 

optimized based on expedited data review and may include more or less locations. 
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4.5.1.4 DNAPL/ISCO Pilot Study 

Following the Phase II DNAPL PDI and the groundwater evaluation PDI, a field-scale pilot study 

would be conducted. The objective of the pilot study would be to:  

 

• optimize DNAPL extraction well construction design; 

 

• evaluate the treatment well ROI for DNAPL extraction and in-situ injections; 

 

• establish realistic DNAPL extraction rates and recovery volume estimates; 

 

• establish realistic in-situ injection rates; 

 

• evaluate and compare the treatment performance of specific activated persulfate 

formulations for in-situ treatment (e.g. alkaline-activated versus iron-activated);  

 

• evaluate pneumatic or hydraulic fracturing of discrete zones within the overburden and/or 

shallow bedrock and/or other enhancements in order to enhance the DNAPL recovery 

ROI and recovery rates; and 

 

• provide other information that may be necessary to resolve RD data gaps. 

 

Well utilized for the pilot study would be from the Phase II DNAPL well network and would be selected 

based on the results of the DNAPL source PDI described in Section 4.5.1.2. The specific well locations 

would be selected to bracket the range of aquifer properties and chemical conditions anticipated to 

be encountered in the overburden and bedrock in-situ treatment zones. The pilot study is assumed to 

require several rounds of post-treatment monitoring to evaluate the test performance. 

 

Assumptions 

• The pilot study would be performed utilizing the installed Phase II recovery wells; 

• DNAPL characterization samples would be collected from each well with recoverable 

DNAPL; 
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• Hydraulic fracturing would be performed for up to two wells; and 

• The pilot study duration would be six months, including four rounds of post-treatment 

monitoring to evaluate aquifer response. 

 

4.5.1.5 Plume Groundwater Investigation 

The target area for the downgradient plume AOC includes a zone of elevated concentrations of 

TCE, 1,4-DCB, and other VOCs extending approximately from MW-203B and MW-202 in the east 

to RMW-405B in the west. See Figure 4-4A. The downgradient plume PDI is intended to evaluate 

the extent of these elevated concentrations and to evaluate lithology, contaminant soil 

concentrations, and additional parameters to support remedy design (oxidant demand, grain size, 

soil organic carbon, etc.). The critical data gap areas that would be the focus of the downgradient 

plume PDI includes the following locations: 

 

• West-northwest of MW-202 (Pleasant Street, north of Metcalf Ave and Forest Ave): The 

western extent of elevated concentrations at these locations should be evaluated by 

installing overburden and shallow bedrock wells. Given the expected depth to the top of 

bedrock in the area (approximately 70 feet bgs), multiple overburden wells should be 

installed. 

 

• West of MW-203A/B (Forest Ave or Metcalf Ave): the western extent of elevated bedrock 

concentrations and eastern extent of elevated overburden concentrations in this area 

should be evaluated by installing overburden and shallow bedrock wells. Given the 

expected depth of bedrock in the area (approximately 70 feet bgs), multiple overburden 

wells should be installed. 

 

• MW-701S/MW-201 (south end of Water Street): the existing wells in this area are a 

maximum of 20 feet bgs, well below the expected bedrock depth of up to 70 feet bgs. 

Additional deep overburden and shallow bedrock wells would be installed in this area to 

evaluate contaminant concentrations and hydrogeology. 
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• South of MW-201 (northeast of main building at 60 Pleasant Street): overburden and 

bedrock wells would be installed in this area to confirm the relatively low concentrations 

at MW-201 and bound the expected extent of treatment. 

 

• West-southwest of MW-302 (Cherry Street), overburden and bedrock: wells would be 

used to evaluate the extent of elevated concentrations between MW-107 and MW-115A 

in bedrock and between MW-06B and MW-115B in overburden. 

 

• MW-302 (east of Main Street and south of Pleasant street): this well is located approximately 

in the middle of the soil column; additional wells would be installed across the water table 

and in deep overburden to further evaluate the extent of contamination in this area. 

 

• North of MW-115A/B and upgradient of 10-50 Main Street (bedrock): Additional shallow 

overburden information is now available regarding plume concentrations; however, the 

extent of deep overburden and bedrock contamination north of MW-115B is still unknown. 

 

• MW-115A/B area (northern end of Cherry Street), shallow overburden: the top of the 

overburden well screen at MW-115B is set more than 40 feet bgs; therefore, a shallow 

overburden well should be installed to monitor concentrations close to the water table. 

 

• South of 10-50 Main Street, close to the road, shallow overburden to bedrock: additional 

data are needed throughout the soil column in this area to determine the extent of the plume 

east of MW-115A/B. Two overburden wells and one bedrock well are assumed for this area. 

 

• RMW-405A/B area (southeast corner of 10-50 Main Street), shallow and deep 

overburden: additional shallow groundwater data are needed (RMW-405B is screened 

from 40.5-45.5 feet bgs) as well as data from the top of the bedrock surface. 

 

• MW-403A/B: The overburden well at this downgradient cluster is screened above 20 feet 

bgs; an additional deep overburden well should be added at the top of bedrock (estimated 

at 37 feet bgs to help evaluate the downgradient impact of remediation. 

 

• West of MW-115B (vicinity of Tilton Ave): the top of the overburden well screen at MW-

115B is set more than 40 feet bgs; therefore, a shallow overburden well should be 
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installed to monitor concentrations close to the water table and potential vapor intrusion 

impacts in this area.  

 

Once the additional monitoring wells are installed, a complete groundwater sampling round would 

be conducted to provide additional data regarding the lateral and vertical plume geometry. Upon 

completion of well sampling, a groundwater profiling round would be conducted along side streets 

perpendicular to groundwater flow to help determine target depths for injection well installation. 

Configuration of the groundwater profiling lines would be determined based on the updated 

groundwater CSM and plume configuration. 

 

Assumptions 

• Overburden monitoring wells would be installed via rotosonic drilling (average depth of 40 

feet). During the well installations, soil and shallow bedrock samples would be collected 

continuously and sent for analysis of VOCs, SVOCs, physical characteristics, and soil 

oxidant demand. 

 

• Bedrock wells would be installed via air-rotary drilling (average depth of 100 feet, 

assuming an average bedrock depth of 70 feet bgs). 

 

• Hydraulic conductivity (slug) tests would be conducted for monitoring wells located in geologic 

units and areas of the plume that have not been previously tested. 

 

• Packer testing would be used to collect groundwater samples and conduct hydraulic 

conductivity testing in bedrock. 

 

• Samples would be collected after well installation to determine the groundwater plume 

configuration and plan target injection depths. 

 

• Profile lines (with samples collected every 2 feet at each location) would be collected and 

samples analyzed for VOCs and SVOCs. 
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4.5.2 Nyacol/WAC AOC DNAPL Extraction 

Recoverable DNAPL would be removed during implementation of the full-scale Alternative GW-8 

RA to the extent possible prior to conducting in-situ treatment in order to reduce contaminant 

mass and accelerate aquifer restoration.  

  

The wells installed as part of the PDI would be utilized for the full-scale DNAPL extraction if 

recoverable DNAPL is encountered. If the PDI results indicate that a groundwater hotspot with 

concentrations indicative of potential DNAPL may be located outside the PDI well network, 

additional recovery wells would be installed in a step-out drilling program (“step” drilling) to target 

potentially recoverable DNAPL. Angled recovery wells may be used to reach beneath sensitive 

structures (buildings and railroad tracks).  

 

Alternative GW-8 also includes a provision to optimize DNAPL extraction in existing or new 

DNAPL extraction wells, which may include addition of amendments or water recirculation to 

enhance DNAPL recovery. 

 

The DNAPL recovery system would rely on manual pumping and extraction from the new DNAPL 

recovery wells to be installed as part of Alternative GW-8, as well as ongoing operation of the two 

existing extraction systems located at the Nyacol property (MW/B-11) and WAC property (MW-

113A). Recovered DNAPL would be manually consolidated in a centralized hazardous waste 

storage area to be located at Nyacol/WAC. 

 

Assumptions 

• Additional overburden and bedrock DNAPL extraction wells would be installed during the 

full-scale RA step drilling program; 

• An optimization program after initial well installation and recovery would include 

installation of additional bedrock boreholes and conducting hydraulic fracturing; 

• Extraction wells that contain recoverable DNAPL would be included in O&M; 

• Enhanced DNAPL recovery would be achieved by implementation of hydraulically injected 

high-conductivity zones in the deep overburden; and 

• DNAPL recovery would be performed on a monthly basis by using manual methods for a 

total duration of five years. 
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4.5.3 Nyacol/WAC AOC In-Situ Treatment 

In-situ treatment (assumed to be ISCO) would be performed during implementation of the full-

scale GW-8 RA to treat contamination at the Nyacol/WAC AOC. The treatment would be 

implemented using activated persulfate as the primary reagent. Persulfate is selected because it 

is the only ISCO reagent with an oxidation energy capable of breaking down the chlorinated 

benzene COCs while achieving adequate aquifer distribution. Thermal remediation was 

considered but the cost was prohibitive, and it would have required additional precautions to 

capture off-gas in the vicinity of the occupied buildings at WAC and Nyacol. The area shown on 

Figure 4-4C depicts the target treatment areas, including areas with potentially limited access. 

 

The full-scale ISCO RA would be designed and performed based on the results of the PDI. It 

would commence when pooled DNAPL can no longer be recovered from the installed GW-8 wells 

and would target deep overburden and shallow, weathered bedrock. Some injections locations 

may include shallow hot spots or multiple targets at different depth intervals (e.g. the hot spot 

downgradient of the landfill).  

 

The wells installed during PDI and DNAPL RA would be utilized for the ISCO RA. Additional ISCO 

well installations would be required to ensure that the inferred 30-foot injection spacing (18-foot 

ROI) well network provides coverage over the entire source area, including sorbed contamination 

zones that were not the target of the PDI or DNAPL RAs. Additional source area wells may also be 

required in the event the PDI or DNAPL RA results indicate the presence of previously unidentified 

contaminant hotspots outside the PDI and DNAPL well network. Soil and/or bedrock samples would 

be collected during the well installation to evaluate geology, lithology, contaminant characteristics, 

and additional parameters to support remedy design (oxidant demand, permeability, etc.). 

 

In order to achieve significant reductions in chemical mass and address sorbed contamination, 

two full rounds of ISCO would be conducted and two partial rounds would be conducted to target 

areas of remaining contamination. 

 

Assumptions 

• Additional overburden and bedrock ISCO injection wells would be installed during the full-

scale ISCO RA drilling program. Some overburden and shallow bedrock injection points 

are assumed to be installed at an angle (directional drilling). 
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• All wells installed during the PDI and full-scale DNAPL RA would be utilized for the full-

scale ISCO RA. 

 

• Injection point density would be reduced to half in limited access areas, such as below 

building foundations. 

 

• ISCO performance monitoring would use a selection of DNAPL extraction wells, existing 

monitoring wells, and/or wells installed for the groundwater evaluation PDI and would 

include one pre-injection event and three post-injection events. 

 

• All deep bedrock wells installations would include borehole geophysics, multiple-interval 

packer sampling, and hydraulic testing. 

 

• The RD would consider methods to prevent contaminant migration during remedy 

implementation.  

 

4.5.4 Nyacol/WAC AOC Groundwater Pump and Treat 

Following the DNAPL and in-situ RAs, a groundwater extraction and treatment system would be 

installed at the Nyacol/WAC AOC to prevent the migration of contaminants that were not 

addressed during in-situ treatment, such as contamination beneath active facilities that may not 

be reached with angled boreholes, contamination sorbed to aquifer materials, and any 

contaminated groundwater located in dead-end or otherwise not accessed fractures. The 

groundwater extraction would prevent contamination migration downgradient of the source area.  

 

4.5.4.1 Nyacol/WAC AOC Pump and Treat Pilot Study 

Based on the results of the DNAPL source PDI described previously, a field-scale pilot study for 

pump and treat would be conducted. The objective of the pilot study would be to:  

 

• optimize groundwater extraction well locations and construction design;  

• establish pumping requirements to achieve adequate plume capture; 
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• determine critical aquifer parameters (e.g. heterogeneity, anisotropy, transmissivity, etc.); 

• perform a contaminant characterization of recovered groundwater; 

• determine total groundwater volumetric flux and contaminant load that would result from 

full-scale pump and treat; and 

• verify that treatment can be achieved with the design treatment train components. 

 

Assumptions 

• Two pumping tests are assumed: one bedrock test downgradient of the landfill (bedrock 

wells for testing) and one test in the vicinity of the DNAPL source zone (combination of 

wells, including deep overburden, weathered bedrock, and shallow bedrock). 

 

• Wells utilized for the pilot study would be selected from the available well network, which 

would include existing wells, the Phase II DNAPL wells, injection wells, and the 

groundwater evaluation wells. 

 

• The pumping test would be conducted after the in-situ treatment in order to focus on the 

areas identified as containing significant remaining residual source mass. 

 

4.5.4.2 Nyacol/WAC AOC Full-Scale Pump and Treat 

The details of the Nyacol/WAC groundwater extraction and treatment would be determined based on 

the results of the Alternative GW-8 PDI; the full-scale DNAPL and in-situ RA; and the pump and treat 

pilot study.  

 

It is assumed that the full-scale groundwater extraction wells would be installed within the footprint 

of the bedrock hotspot immediately downgradient (northeast) of the landfill and the potential 

DNAPL area, to capture the highest identified groundwater concentrations. Initial locations are 

shown on Figure 4-4C; these are expected to be adjusted based on the results of the PDI. The 

groundwater extraction wells would be installed at depths designed to provide the hydraulic 

control objectives while preventing to the greatest extent possible contaminant migration. Initial 

estimates of groundwater capture zones and extraction rates for cost/scoping are based on 

calculations provided in Appendix G. 
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The extraction wells immediately downgradient of the landfill would target the most contaminated 

bedrock fracture zones in this area. Analytical results from existing wells in this area (screened at 

93-108 feet bgs at MW-402 and 21-31 feet bgs at MW-503B) suggest that multiple 

fractures/fracture zones may be contributing contamination.  

 

A network of groundwater extraction wells would be installed within the potential DNAPL area to 

achieve complete groundwater capture in this area, given the relatively shallow contamination 

and the presence of fine-grained materials which would reduce potential flow rates. Extraction 

wells would be installed in the overburden and weathered bedrock and in the shallow bedrock 

below this zone.  

 

The extracted groundwater would be treated prior to discharge. The process train used, volumes 

treated, and location of infrastructure such as treatment building(s) would be determined based 

on the results of the PDI; however, a groundwater treatment system has been proposed to support 

cost estimates and treatment timeframes to compare alternatives. Discharge of the treated water 

is assumed to be to the Town of Ashland sewer system. Ashland’s sewer delivers wastewater to 

the Framingham sewer and thence to the MWRA system. 

 

Although several assumptions have been made regarding the number and location of extraction 

wells/treatment systems as well as treatment processes, the results of the GW-4 PDI and Plume 

pilot study would be used to optimize the selected remedy. 

 

Assumptions 

• Overburden extraction wells would be used to capture groundwater in the potential DNAPL 

area. Existing wells will be used to the extent possible. 

 

• Deep bedrock extraction wells would be used to capture groundwater downgradient of the 

landfill. 

 

• Extracted groundwater would be pumped to a central treatment building; the extraction 

well network would pump a total of 30 gpm. 

 

• The groundwater treatment train would include the following (schematic in Appendix E):  
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o Oil-water separator to remove any DNAPL. 

 

o Holding tank with polyphosphate to inhibit the precipitation of hardness (QED, 2013). 

 

o Heat exchanger to improve air stripper efficiency. 

 

o Air stripper to remove chlorinated ethenes, chlorinated benzenes, and nitrobenzene. 

 

o Air stripper off-gas to be treated with activated carbon to meet requirements put 

forth by 310 CMR 40 and 310 CMR 7.00. 

 

• Treated groundwater would be retained for sampling prior to discharge to the POTW (MWRA 

Deer Island, Boston, Massachusetts). Treated groundwater that is discharged to the sewer 

would meet 360 CMR 10.00 and the National Pretreatment standards (40 CFR 403.5). 

 

4.5.5 Downgradient Plume AOC In-Situ Treatment 

The downgradient plume AOC would be treated in-situ using assumed chemical oxidation to 

reduce contaminant concentrations in groundwater and the mass of contaminants sorbed to 

aquifer material. Given the large scale of the downgradient plume AOC and expected difficulty in 

procuring injection sites throughout the plume, the in-situ treatment is assumed to use a series of 

lines of injection points oriented perpendicular to groundwater flow, which would allow the 

reagents to migrate downgradient. The details of the injection would be determined based on the 

results of the PDI described in Section 4.5.1.5. 

 

4.5.5.1 Downgradient Plume AOC In-Situ Treatment Pilot 
Study 

A pilot study would be performed to determine appropriate injection well spacing, flow rates, and 

reagent volumes/concentrations. The pilot study is assumed to require additional wells for 

injection and monitoring, and several rounds of post-treatment monitoring to evaluate aquifer 

response. The objective of the pilot study would be to:  

 

• evaluate the treatment well ROI for in-situ injections; 
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• establish realistic in-situ injection rates; 

• evaluate and compare the treatment performance of specific activated persulfate 

formulations for in-situ treatment (e.g. alkaline-activated versus iron-activated); and 

• provide other information that may be necessary to resolve RD data gaps. 

 

Assumptions 

• The pilot study duration would be six months, including four rounds of post-treatment 

monitoring to evaluate aquifer response. 

• Overburden injection locations would be installed using rotosonic drilling. Multiple wells 

may be used per location to target impacted depths. 

• Existing monitoring wells (installed previously or for the groundwater investigation 

described in Section 4.5.1.5) would be used to monitor downgradient performance. 

 

4.5.5.2 Downgradient Plume AOC Full Scale In-Situ Treatment  

The full-scale application would be performed based on the results of the pilot study. In order to 

develop cost and scale estimates, it is assumed that in-situ injections would be conducted using 

injection wells installed into multiple zones in the overburden to effectively reach the target zones. 

The area shown on Figure 4-4E depicts the target treatment areas. 

 

Given the large scale of the plume and the expected difficulty in procuring access for multiple 

injections in a residential area, the injections are planned as a series of -lines to intercept and 

treat groundwater migrating from the Nyacol/WAC AOC. The injection locations follow side roads 

and relatively unused areas of commercial complexes to minimize impact on the community. This 

configuration requires additional injections as groundwater passes through the treatment area. 

Overburden contaminant flow velocities calculated previously (Nobis, 2016) were estimated to be 

between 0.004 and 0.056 feet/day, depending on the location and contaminant. These estimates 

may be refined after the PDI described in Section 4.5.1 is completed. Using the upper range of 

contaminant velocity (approximately 0.05 feet/day), a contaminant entering the upgradient edge 

of the assumed 15-foot injection radius would pass the downgradient edge approximately 300 

days later. Use of a more persistent oxidant such as persulfate allows the oxidant to migrate with 

groundwater flow, extending the effective downgradient distance of the injected oxidant. Oxidant 

persistence depends on the groundwater chemistry and matrix properties such chemical oxidant 
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demand, permeability, presence of potentially reactive metals, etc., and would be determined 

based on bench-scale and pilot testing prior to full implementation.  

 

Assumptions 

• Injection wells would be used to add reagents, with an estimated two injection wells per 

location. 

 

• Injection well configuration would use lines of wells oriented perpendicular to the 

groundwater flow direction and located approximately 30 feet apart. 

 

• Existing wells (both previously existing and those installed for the groundwater evaluation 

PDI) would be used for injection if possible. 

 

• Bedrock injections are not included in the plume area. 

 

• Nine rounds of injections are planned using all injection points. 

 

• Sodium peroxide-activated persulfate solution would be used as the injection reagent. One 

pre-injection and two post-injection monitoring rounds would be conducted per injection 

event. 

 

4.5.6 Monitoring Well Network Optimization 

Additional wells would be installed in the general areas shown in Figure 4-4A to address data 

gaps identified in the 2015 monitoring report (Nobis, 2016) and optimize the monitoring well 

network for LTM. These would include additional monitoring wells at additional locations outside 

of the active treatment areas shown in Figure 4-4B and 4-4D. 

 

One initial comprehensive groundwater sampling round would be conducted for all available wells to 

fully characterize the groundwater and to determine the wells to be included in long-term monitoring. 
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Assumptions 

• Additional overburden and bedrock monitoring wells would be installed for the plume 

network optimization; and 

 

• All bedrock monitoring wells would be evaluated with borehole geophysics, hydraulic 

conductivity testing, and discrete-interval sampling (assumed packer testing) in order to 

provide additional Site characterization and locate appropriate well screens for long-term 

monitoring. 

 

4.5.7 Long-Term Remedy Components 

Long-term remedy components include five-year reviews, ICs, and LTM, as described below.  

 

Five-Year Reviews 

Contaminants would remain in groundwater above concentrations acceptable for unlimited use of 

groundwater and unlimited exposure to indoor air for an extended period. Therefore, a review of 

site conditions and risks would be conducted every five years, as required by CERCLA, to ensure 

remedy protectiveness. 

 

Institutional Controls 

ICs will be implemented to prevent exposure to contaminated groundwater in non-drinking water 

areas, protect construction workers from exposure to groundwater and trench vapors during 

excavation activities, and require a vapor intrusion evaluation or VMS installation in new buildings 

constructed in the contaminated groundwater plume, including the Nyacol/WAC and the 

downgradient plume AOCs  (or if an existing building with a VMS is renovated or expanded in 

size). 

 

Long-Term Monitoring 

LTM would be required to evaluate concentrations in both the Nyacol/WAC AOC and the 

downgradient plume AOC. Selected monitoring wells would be monitored on an annual basis, 

incorporating wells installed during the PDI and remedy implementation as well as existing wells. 
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LTM would continue for as long as contaminant concentrations remain above cleanup standards. 

However, the number of wells sampled may be reduced if the extent of the plume decreases 

consistently over time. Groundwater sampling trends from LTM would be evaluated to determine 

the extent of any natural attenuation as part of the five-year review process. 

 

Assumptions 

• For LTM, selected monitoring wells would be sampled using low-flow methods and 

analyzed for VOCs, SVOCs, and general geochemistry to evaluate contaminant trends 

and natural attenuation. 

 

4.6 Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume In-
Situ Treatment 

Alternative GW-9 includes in-situ treatment in the areas where DNAPL and/or residual 

contamination is expected to be located (extremely high VOC concentrations on the Nyacol and 

WAC properties and northeast of the landfill). The alternative also includes in-situ chemical 

treatment within the plume AOC, in overburden only. It includes the following additional active 

treatment components as well as the Alternative GW-2 components (continue or option to 

optimize DNAPL extraction, implement ICs, monitor contaminant concentrations, and conduct 

five-year reviews; see Section 4.2): 

 

• Use an in-situ treatment method in the areas within the Nyacol/WAC AOC with TCE 

concentrations above 10 mg/L (red areas on Figure 4-5A). 

 

• Inject chemicals within the plume AOC to reduce contaminant concentrations within the 

area of overburden TCE concentrations above 0.1 mg/L and total COC concentrations 

above 1 mg/L (green area on Figure 4-5A). Given the extensive size of the bedrock 

downgradient plume, the depth of the bedrock in this area, and the cost of investigating 

fractures to target in-situ treatment, bedrock injection has not been included in this 

alternative. 

 

A PDI would be required to determine the target downgradient overburden and Nyacol/WAC 

overburden and bedrock zones for in-situ treatment. 
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MassDEP maintains the existing VMS. While the VMS will remain in place to reduce risks to 

human health until remedial goals are reached, they address indoor air and are not included in 

this groundwater alternative. 

 

See Table 4-10 for the detailed analysis of Alternative GW-9. Tables 4-11A through 4-11C present 

the detailed analyses for compliance with chemical-, location-, and action-specific ARARs for this 

alternative. Figure 4-5A depicts the general components of this alternative. Detailed costs are 

provided in Appendix E. The estimated time for Alternative GW-9 to achieve the PRG for TCE at 

the downgradient edge of Nyacol/WAC (100 m from the presumed source) is approximately 180 

years, as described in Appendix F. Remedial activity in the plume area results in a shorter estimate 

to reach target concentration in the downgradient portion of the plume, as described in Appendix F. 

 

4.6.1 Pre-Design Investigation 

A PDI would be performed in the Nyacol/WAC AOC to support remedy development. It would 

include the following work to address data gaps and develop a more complete CSM that 

accurately identifies appropriate DNAPL sources targeted for extraction: 

 

4.6.1.1 Surveys 

Surveys to be conducted to support the preliminary design include a site feature survey (including 

building footprint, utilities, all new monitoring wells, soil borings, and other investigation control) 

as well as a wetland delineation to update the current extent of wetland coverage and confirm the 

areas that may require mitigation or changes to the configuration of Alternative GW-9. 

 

4.6.1.2 Nyacol/WAC AOC Groundwater Evaluation 

A groundwater evaluation would be conducted to determine the extent of the plume and to modify 

the initial contaminant mass estimates. The results of the groundwater evaluation would be used 

to develop the scale of the in-situ treatment. The groundwater evaluation would incorporate 

sampling for all wells available after the Phase II PDI and would also include the installation of 

additional wells located away from the immediate vicinity of the treatment area as shown in Figure 

4-5B.  
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Assumptions 

• Overburden wells and shallow would be installed using rotosonic drilling (this may be the 

same mobilization as other rotosonic drilling work); 

 

• Deep bedrock wells would be installed using air-rotary drilling and would have borehole 

geophysics, multi-interval sampling, and hydraulic testing (assumed to be packer testing) 

prior to well installation; and 

 

• Selected wells would be sampled in the vicinity of the Nyacol/WAC AOC. 

 

4.6.1.3 DNAPL/ISCO Investigation 

The Alternative GW-9 PDI includes a DNAPL source investigation in overburden and fractured 

bedrock (Figure 4-5B). The objectives of the Alternative GW-9 DNAPL/ISCO PDI are to: 

 

• accurately locate and quantify the volume and mass of DNAPL (pooled and residual) and 

sorbed sources; 

• identify DNAPL and dissolved plume migration pathways within the source area;  

• determine the chemical and physical characteristics of the in-situ DNAPL sources;  

• evaluate soil and groundwater characteristics critical for in-situ treatment design; and 

• collect other information critical for the RD, such as in-situ DNAPL recovery rates and ROI 

for DNAPL recovery and in-situ chemical injection rates. 

 

The results of the DNAPL PDI would be used to identify appropriate source targets for 

remediation, determine the layout and design of the full-scale DNAPL recovery and in-situ 

treatment system, and to evaluate other system enhancements that could be incorporated in the 

RD to increase the efficacy of future DNAPL recovery. 

 

Phase I DNAPL PDI 

The first phase of the DNAPL PDI (Phase I DNAPL) would rely in part on DPT drilling in 

combination with high resolution in-situ screening and profiling tools for: 
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• free-phase NAPL (e.g. DyeLIF [Einarson et al., 2016] or other tools that may identify 

chlorinated solvent DNAPL);  

• dissolved VOCs (e.g. MiHPT or similar); and 

• hydraulic injection pressure profiling/hydraulic conductivity (e.g. MiHPT). 

 

In addition, a limited groundwater profiling program would be conducted using DPT to confirm the 

dissolved groundwater concentrations identified in the in-situ profiling described above. Target 

locations for monitoring and DNAPL extraction wells would be selected based on the results of 

the profiling. The target treatment zone for in-situ treatment would also be adjusted based on 

these results. Soil sampling would be conducted under Phase II below. 

 

Assumptions 

• High-resolution screening would target overburden zones in the DNAPL source areas, as 

shown in Figure 4-5A. 

• Groundwater profiling samples would be collected every 2 feet below the water table. 

• The actual locations and ultimate scope of the Phase I DNAPL investigation would be 

optimized based on real time or expedited data review and may include more or less locations. 

 

Phase II DNAPL PDI 

The results of the Phase I DNAPL investigation would be used to design a focused DNAPL source 

soil and bedrock drilling and sampling program (Phase II DNAPL) to confirm and further 

characterize identified DNAPL sources in greater detail. This Phase II DNAPL investigation would 

include additional overburden and bedrock DNAPL recovery well installation where pooled 

DNAPL is inferred to be present in recoverable quantities. Wells would be installed using rotosonic 

methods. During the recovery well installations, soil and shallow bedrock would be sampled 

continuously from overburden into bedrock.  

 

Bedrock cores would be collected from a subset of the Phase II DNAPL locations for detailed 

evaluation. Cores would be sampled for matrix diffusion chemical and physical analysis to 

determine the contaminant mass that may require additional treatment as the available 

groundwater in fractures is treated (for example using COREDFN [Parker, 2011]).  
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 All DNAPL recovery wells installed for GW-9 would be used for later chemical injections and/or 

pumping for in-situ treatment. Accordingly, the wells installed during the Phase II DNAPL PDI 

would be a subset of the total treatment well network to be installed during the full-scale RA and 

it is assumed that these wells would be part of a uniform network of wells located based on an 

assumed 30-foot spacing as shown in Figure 4-5C.  

 

Assumptions 

• During the Phase II DNAPL PDI, the following activities would be performed: 

 

o Confirmation soil and shallow bedrock sampling would be performed using 

rotosonic drilling with continuous sample collection. 

 

o It is assumed that DNAPL recovery/ISCO injection wells would be installed in the 

overburden and the shallow fractured bedrock. 

 

o Rock coring and matrix diffusion evaluation (e.g. COREDFN) would be performed in 

the shallow bedrock DNAPL areas, the area downgradient of the landfill, and areas 

of particular interest to be determined during the PDI. 

 

o Soil samples would be collected for analysis of VOCs, SVOCs, physical properties 

such as total organic carbon, and other parameters to assist with ISCO reagent 

selection and dosing. 

 

• The actual locations and ultimate scope of the Phase II DNAPL investigation would be 

optimized based on expedited data review and may include a greater or lesser number 

of locations. 

 

4.6.1.4 DNAPL/ISCO Pilot Study 

Following the Phase II DNAPL PDI and the groundwater evaluation PDI, a field-scale pilot study 

would be conducted. The objective of the pilot study would be to:  

 

• optimize DNAPL extraction well construction design; 
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• evaluate the treatment well ROI for DNAPL extraction and in-situ injections; 

 

• establish realistic DNAPL extraction rates and recovery volume estimates; 

 

• establish realistic in-situ injection rates; 

 

• evaluate and compare the treatment performance of specific activated persulfate 

formulations for in-situ treatment (e.g. alkaline-activated versus iron-activated);  

 

• evaluate pneumatic or hydraulic fracturing of discrete zones within the overburden and/or 

shallow bedrock and/or other enhancements to enhance the DNAPL recovery capture 

zone and recovery rates; and 

 

• provide other information that may be necessary to resolve RD data gaps. 

 

Wells utilized for the pilot study would be from the Phase II DNAPL well network and would be 

selected based on the results of the DNAPL source PDI described in Section 4.6.1.2. The specific 

well locations would be selected to bracket the range of aquifer properties and chemical 

conditions anticipated to be encountered in the overburden and bedrock in-situ treatment zones. 

The pilot study is assumed to require several rounds of post-treatment monitoring to evaluate the 

test performance. 

 

Assumptions 

• The pilot study would be performed utilizing the installed Phase II recovery wells; 

• DNAPL characterization samples would be collected from each well with recoverable 

DNAPL; 

• Hydraulic fracturing would be performed for one overburden location with significant silt 

and one shallow bedrock location; and  

• The pilot study duration would be six months, including four rounds of post-treatment 

monitoring to evaluate aquifer response. 
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4.6.1.5 Downgradient Plume AOC Groundwater Investigation 

The target area for the downgradient plume AOC includes a zone of elevated concentrations of 

TCE, 1,4-DCB, and other VOCs extending approximately from MW-203B and MW-202 in the east 

to RMW-405B in the west. See Figure 4-5D. The downgradient plume PDI is intended to evaluate 

the extent of these elevated concentrations and to evaluate overburden geology, contaminant soil 

concentrations, and additional parameters to support remedy design (oxidant demand, grain size, 

soil organic carbon, etc.). The critical data gap areas that would be the focus of the downgradient 

plume PDI includes the areas described previously in Section 4.5.1.5 and shown in Figure 4-5D. 

 

Once the additional monitoring wells are installed, a complete groundwater sampling round will 

be conducted to provide additional data regarding the lateral and vertical plume geometry. 

 

Upon completion of well sampling, a groundwater profiling round would be conducted along side 

streets perpendicular to groundwater flow to help determine target depths for injection well 

installation. Configuration of the groundwater profiling lines would be determined based on the 

updated groundwater CSM and plume configuration. 

 

Assumptions 

• Overburden monitoring wells will be installed via rotosonic drilling (average depth of 40 

feet). During the well installations, soil and shallow bedrock samples will be collected 

continuously and sent for analysis of VOCs, SVOCs, physical characteristics, and soil 

oxidant demand. 

 

• Bedrock wells will be installed via air-rotary drilling (average depth of 100 feet, assuming 

an average bedrock depth of 70 feet bgs). 

 

• Hydraulic conductivity (slug) tests will be conducted for monitoring wells located in geologic 

units and areas of the plume that have not been previously tested. 

 

• Packer testing will be used to collect groundwater samples and conduct hydraulic 

conductivity testing in bedrock. 
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• Samples will be collected from overburden and bedrock wells after well installation to 

determine the groundwater plume configuration and plan target injection depths. 

 

• Profile lines (samples collected every 2 feet per location) would be collected and samples 

analyzed for VOCs and SVOCs. 

 

4.6.2 Nyacol/WAC AOC DNAPL Extraction 

Recoverable DNAPL will be removed during implementation of the full-scale GW-9 RA to the 

extent possible prior to conducting in-situ treatment in order to reduce contaminant mass and 

accelerate aquifer restoration.  

 

The wells installed as part of the PDI will be utilized for the full-scale DNAPL extraction if 

recoverable DNAPL is encountered. If the PDI results indicate that a groundwater hotspot with 

concentrations indicative of potential DNAPL may be located outside the PDI well network, 

additional recovery wells will be installed in a step-out drilling program (“step” drilling) to target 

potentially recoverable DNAPL. Angled recovery wells may be used to reach beneath sensitive 

structures (buildings and railroad tracks).  

 

Alternative GW-9 also includes a provision to optimize DNAPL extraction in existing or new 

DNAPL extraction wells, which may include addition of amendments or water recirculation to 

enhance DNAPL recovery. 

 

The DNAPL recovery system will rely on manual pumping and extraction from the new DNAPL 

recovery wells to be installed as part of GW-9, as well as ongoing operation of the two existing 

extraction systems located at the Nyacol property (MW/B-11) and WAC property (MW-113A). 

Recovered DNAPL will be manually consolidated in a centralized hazardous waste storage area 

to be located at Nyacol/WAC. 

 

Assumptions 

• Additional overburden and bedrock DNAPL extraction wells would be installed during the 

full-scale RA step drilling program; 

• An optimization program after initial well installation and recovery would include 

installation of additional bedrock boreholes and conducting hydraulic fracturing; 
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• Extraction wells that contain recoverable DNAPL will be included in O&M. 

• Enhanced DNAPL recovery would be achieved by implementation of hydraulically injected 

high-conductivity zones in the deep overburden. 

• DNAPL recovery would be performed on a monthly basis by using manual methods for a 

total duration of five years. 

 

4.6.3 Nyacol/WAC AOC In-Situ Treatment 

In-situ treatment (assumed to be ISCO) will be performed during implementation of the full-scale 

Alternative GW-9 RA to treat contamination at the Nyacol/WAC AOC. The treatment will be 

implemented using activated persulfate as the primary reagent. Persulfate is selected because it 

is the only ISCO reagent with an oxidation energy capable of breaking down the chlorinated 

benzene COCs while achieving adequate aquifer distribution. Thermal remediation was 

considered but the cost was prohibitive, and it would have required additional precautions to 

capture off-gas in the vicinity of the occupied buildings at WAC and Nyacol. The area shown on 

Figure 4-5C depicts the target treatment areas, including areas with potentially limited access. 

 

The full-scale ISCO RA would be designed and performed based on the results of the PDI. It 

would commence when pooled DNAPL can no longer be recovered from the installed wells and 

would target deep overburden and shallow, weathered bedrock. Some injection locations may 

include shallow hot spots or multiple targets at different depth intervals (e.g. the hot spot 

downgradient of the landfill).  

 

The wells installed during PDI and DNAPL RA will be utilized for the ISCO RA. Additional ISCO 

well installations would be required to ensure that the inferred 30-foot injection well spacing 

(estimated 18-foot ROI) network provides coverage over the entire source area, including sorbed 

contamination zones that were not the target of the PDI or DNAPL RAs. Additional source area 

wells may also be required in the event the PDI or DNAPL RA results indicate the presence of 

previously unidentified contaminant hotspots outside the PDI and DNAPL well network. Soil 

and/or bedrock samples will be collected during the well installation to evaluate geology, lithology, 

contaminant characteristics, and additional parameters to support remedy design (oxidant 

demand, permeability, etc.).  
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In order to achieve significant reductions in chemical mass and address sorbed contamination, 

two full rounds of ISCO would be conducted and two partial rounds would be conducted to target 

areas of remaining contamination. 

 

Assumptions 

• Additional overburden and bedrock ISCO injection wells would be installed during the full-

scale ISCO RA drilling program. Some overburden and shallow bedrock injection points 

are assumed to be installed at an angle (directional drilling). 

 

• All wells installed during the PDI and full-scale DNAPL RA would be utilized for the full-

scale ISCO RA. 

 

• Any deep bedrock wells installations will include the performance of borehole geophysics, 

multiple-interval packer sampling, and hydraulic testing performed. 

 

• Injection point density would be reduced to half in limited access areas, such as below 

building foundations. 

 

• ISCO performance monitoring would use a selection of DNAPL extraction wells, ISCO 

injection wells, existing monitoring wells, and/or wells installed for the groundwater 

evaluation PDI and would include one pre-injection event and three post-injection events. 

 

• All deep bedrock wells installations will include borehole geophysics, multiple-interval 

packer sampling, and hydraulic testing. 

 

• The RD will consider methods to prevent contaminant migration during remedy 

implementation.  

 

4.6.4 Downgradient Plume AOC In-Situ Treatment 

The downgradient plume AOC will be treated in-situ using assumed chemical oxidation to reduce 

contaminant concentrations both in groundwater and contamination sorbed to aquifer material. 

Given the large scale of the downgradient plume AOC and expected difficulty in procuring 
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injections throughout the area, the in-situ treatment is assumed to use a series of lines of injection 

points oriented perpendicular to groundwater flow, which would allow the reagents to migrate 

downgradient. The details of the injection will be determined based on the results of the PDI 

described in Section 4.6.1.5. 

 

4.6.4.1 Downgradient Plume AOC In-Situ Treatment Pilot 
Study 

A pilot study would be performed to determine appropriate injection well spacing, flow rates, and 

reagent volumes/concentrations. The pilot study is assumed to require additional wells for 

injection and monitoring, and several rounds of post-treatment monitoring to evaluate aquifer 

response. The objective of the pilot study would be to:  

 

• evaluate the treatment well ROI for in-situ injections; 

• establish realistic in-situ injection rates; 

• evaluate and compare the treatment performance of specific activated persulfate 

formulations for in-situ treatment (e.g. alkaline-activated versus iron-activated); and 

• provide other information that may be necessary to resolve RD data gaps. 

 

Assumptions 

• The pilot study duration would be six months, including four rounds of post-treatment 

monitoring to evaluate aquifer response. 

• Injection locations will be installed using rotosonic drilling. Multiple wells may be used per 

location to target impacted depths. 

• Existing monitoring wells (installed previously or for the groundwater investigation 

described in Section 4.6.1.5) will be used to monitor downgradient performance. 

 

4.6.4.2 Downgradient Plume AOC Full Scale In-Situ Treatment  

The full-scale application would be performed based on the results of the pilot study. In order to 

develop cost and scale estimates, it is assumed that in-situ injections would be conducted using 

injection wells installed into multiple zones (assumed to be two for costing purposes) in the 

overburden to effectively reach the target zones. The area shown on Figure 4-5E depicts the 

target treatment areas.  
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Given the large scale of the downgradient plume AOC and the expected difficulty in procuring 

access for multiple injections in a residential area, the injections are planned as a series of fence-

lines to intercept and treat groundwater migrating from the Nyacol/WAC AOC. The injection 

locations follow side roads and relatively unused areas of commercial complexes to minimize 

impact on the community. This configuration requires additional injections as groundwater passes 

through the treatment area. Overburden contaminant transport velocities calculated previously 

(Nobis, 2016) were estimated to be between 0.004 and 0.056 feet/day, depending on the location 

and contaminant. These estimates may be refined after the PDI described in Section 4.6.1 is 

completed. Using the upper range of contaminant velocity (approximately 0.05 feet/day), a 

contaminant entering the upgradient edge of the assumed 15-foot injection radius would pass the 

downgradient edge approximately 300 days later. Use of a more persistent oxidant such as 

persulfate allows the oxidant to migrate with groundwater flow, extending the effective 

downgradient distance of the injected oxidant. Oxidant persistence depends on the groundwater 

chemistry and matrix properties such chemical oxidant demand, permeability, presence of 

potentially reactive metals, etc., and would be determined based on bench-scale and pilot testing 

prior to full implementation.  

 

Assumptions 

• Injection wells would be used to add reagents, with two injection wells per location. 

 

• Injection well configuration would use five lines of wells perpendicular to groundwater flow 

direction and located approximately 30 feet apart. 

 

• Existing wells (both previously existing and those installed for the groundwater evaluation 

PDI) would be used for injection if possible. 

 

• Bedrock injections are not included in the plume area. 

 

• Nine rounds of injections are planned to use all injection points. 
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• Sodium peroxide-activated persulfate solution would be used as the injection reagent. 

One pre-injection and two post-injection monitoring rounds will be conducted per 

injection event. 

 

4.6.5 Monitoring Well Network Optimization 

Additional wells would be installed in the general areas shown in Figure 4-5A to address data 

gaps identified in the 2015 monitoring report (Nobis, 2016) and optimize the monitoring well 

network for LTM. These would include additional monitoring wells at additional locations outside 

of the active treatment areas. 

 

One initial comprehensive groundwater sampling round would be conducted for all available wells to 

fully characterize the groundwater and to determine the wells to be included in long-term monitoring. 

 

Assumptions 

• Additional overburden and bedrock monitoring wells would be installed for the plume 

network optimization and 

 

• All bedrock monitoring wells would be evaluated with borehole geophysics, hydraulic 

conductivity testing, and discrete-interval sampling (assumed packer testing) in order to 

provide additional Site characterization and locate appropriate well screens for long-term 

monitoring. 

 

4.6.6 Long-Term Remedy Components 

Long-term remedy components include five-year reviews, ICs, and LTM, as described below.  

 

Five-Year Reviews 

Contaminants would remain in groundwater above concentrations acceptable for unlimited use of 

groundwater and unlimited exposure to indoor air for an extended period. Therefore, a review of 

site conditions and risks would be conducted every five years, as required by CERCLA, to ensure 

remedy protectiveness. 
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Institutional Controls 

ICs will be implemented to prevent exposure to contaminated groundwater in non-drinking water 

areas, protect construction workers from exposure to groundwater and trench vapors during 

excavation activities, and require a vapor intrusion evaluation or VMS installation in new buildings 

constructed in the contaminated groundwater plume, including the Nyacol/WAC and the 

downgradient plume AOCs  (or if an existing building with a VMS is renovated or expanded in 

size). 

 

Long-Term Monitoring 

LTM would be required to evaluate concentrations in both the Nyacol/WAC AOC and the 

downgradient plume AOC. An estimated 70 monitoring wells would be monitored on an annual 

basis, incorporating wells installed during the PDI and remedy implementation as well as existing 

wells. 

 

LTM would continue for as long as contaminant concentrations remain above cleanup standards. 

However, the number of wells sampled may be reduced if the extent of the plume decreases 

consistently over time. Groundwater sampling trends from LTM would be evaluated to determine 

the extent of any natural attenuation as part of the five-year review process. 

 

Assumptions 

• For LTM, selected monitoring wells would be sampled using low-flow methods and 

analyzed for VOCs, SVOCs, and general geochemistry to evaluate contaminant trends 

and natural attenuation. 

 

5.0 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES 

This section describes the comparative analysis approach and presents the results of the 

comparative analysis of the remedial alternatives that were evaluated individually in Section 4.0. 

 

5.1 Comparative Analysis Approach 

The comparative analysis compares the relative performance of each alternative to the evaluation 

criteria specified in the NCP and described in Section 4.0. This comparison assists in the selection 
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of a remedy by identifying the advantages and disadvantages of each alternative relative to the 

NCP evaluation criteria. 

 

The comparative analysis of alternatives is specified in the NCP and further detailed in Interim-

Final Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA 

(EPA, 1988). The selection of the preferred remedy must consider the major tradeoffs among the 

evaluation criteria. The NCP groups the evaluation criteria as described in Section 4.0 (Threshold 

Criteria, Primary Balancing Criteria, and Modifying Criteria). 

 

The subsections below present the comparative analysis of remedial alternatives relative to each 

of the two Threshold and five Primary Balancing criteria. Per the NCP, EPA will only select a remedy 

that meets both Threshold criteria. Table 5-1 provides a summary and qualitative score (poor, fair, 

good, very good) of the six alternatives compared against these criteria. For more detail regarding 

individual alternatives, see the detailed analysis tables for each alternative in Section 4. 

 

5.2 Overall Protection of Human Health and the Environment 

Alternative GW-1 takes no measures to: treat contamination sources or plumes, control 

groundwater plume migration, prevent future groundwater use, address vapor intrusion impacts. 

Therefore, it is not considered to be protective of human health and the environment. 

 

Alternative GW-2 includes measures for enhanced extraction and recovery of additional DNAPL 

in the Nyacol/WAC AOC. Alternative GW-2 is protective of human health and the environment in 

the short term, to prevent contact with groundwater through use of ICs, mitigate vapor intrusion 

by continuing the existing VMS, and extract recoverable DNAPL to the greatest extent possible.   

However, in the long term, this alternative would not provide a substantial decrease in the 

estimated time for groundwater to reach cleanup levels (PRGs) and would not substantially 

reduce the contamination transport towards the PPA or the Sudbury River.  Therefore, in the long 

term, Alternative GW-2 is not protective of human health and the environment. 

 

Alternatives GW-4, GW-5, GW-8, and GW-9 include the remedy components of GW-2, which 

incorporates measures for additional and/or enhanced DNAPL removal from the contaminant 

source area (the Nyacol/WAC AOC), by extracting recoverable DNAPL to the greatest extent 

possible. 
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Alternative GW-4 would actively treat sorbed and residual contamination in the Nyacol/WAC AOC. 

Alternative GW-4 does not actively treat sorbed or residual contamination that may be present 

within the downgradient plume AOC. Instead, it relies on contaminant attenuation/degradation 

from Nyacol/WAC area treatment to restore the downgradient plume AOC over time. The 

untreated sorbed and hot spot sources in the downgradient plume AOC extend the period 

necessary for groundwater to reach acceptable levels for vapor intrusion concerns throughout the 

plume. Alternative GW-4 would be protective of human health and the environment once the 

groundwater cleanup levels are attained. 

 

Alternative GW-5 would actively treat sorbed, residual, and dissolved contamination in the 

Nyacol/WAC AOC. Alternative GW-5 also provides for plume capture via groundwater extraction in 

the Nyacol/WAC AOC that would reduce or eliminate the potential for plume transport. However, 

Alternative GW-5 does not actively treat sorbed or residual contamination that may be present within 

the downgradient plume AOC. This remedy relies on contaminant attenuation/degradation from 

Nyacol/WAC area treatment to restore the downgradient dissolved plume over time. The untreated 

sorbed and hot spot sources in the downgradient plume AOC extend the period necessary for 

groundwater to reach acceptable levels for vapor intrusion concerns throughout the plume. 

Alternative GW-5 would be protective of human health and the environment once the groundwater 

cleanup levels are attained. 

 

Alternative GW-8 also relies on downgradient plume control and containment in the Nyacol/WAC 

AOC including source removal via DNAPL extraction and in-situ treatment. It also adds a treatment 

component for the groundwater hotspot in the residential neighborhood downgradient plume AOC.  

Alternative GW-8 would be protective of human health and the environment once the groundwater 

cleanup levels are attained.  

 

Alternative GW-9 relies on in-situ treatment in the Nyacol/WAC AOC and the downgradient plume 

AOC (in addition to source removal via DNAPL extraction in the Nyacol/WAC AOC).  Alternative 

GW-9 would require a longer timeframe than Alternative GW-8 to reduce contaminant transport 

toward the Sudbury River. Alternative GW-9 would be protective of human health and the 

environment once the groundwater cleanup levels are attained. 
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5.3 Compliance with ARARs 

The compliance with ARARs is described in Table 5-1. There is no ARAR analysis for alternative 

GW-1 since no action will be taken to comply with ARARs.  

 

Chemical-Specific ARARs and TBC 

There are no chemical-specific ARARs. 

 

Action-Specific ARARs and TBC 

All the active treatment alternatives will generate wastes. IDW from well installation and sampling 

will be determined if it is hazardous; if so, appropriate hazardous waste regulations will be 

followed. In addition, all the active remedies include extraction of recoverable DNAPL, which is 

disposed of as hazardous waste. All the active remedies will comply with traffic controls, air 

emission limitations, noise limitations, and best management practices. Alternatives with a 

groundwater treatment component (GW-5 and GW-8) will also comply action-specific ARARs 

relating to off-site disposal of hazardous waste (residuals), discharge limitations, 

monitoring/reporting requirements, systems operations, and best management practices. 

 

Location-Specific ARARs and TBC 

Location-specific ARARs will be met for alternatives which have components that may impact 

wetlands and those that may extend to the floodplain of the Sudbury River. Each alternative also 

includes a PDI incorporating a wetland delineation to better locate potential locations and identify 

potential mitigation strategies. 

 

Endangered, threatened, and/or listed species or habitats have not been identified at or in the 

vicinity of the Site. Historic features have likewise not been identified in these areas. 

 

5.4 Long-Term Effectiveness and Permanence 

Alternative GW-1 leaves the most residual mass of contamination in place and provides the least 

effective controls on contaminant concentrations or migration, as no further action would be 

conducted. Risk (i.e. from vapor intrusion/inhalation or groundwater exposure) would gradually 

decrease over time, but because of the large potential contaminant mass, it is estimated to take 
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approximately 680 years to achieve the target Site PRG for TCE of 16 μg/L throughout the Site. 

TCE is the primary contaminant that contributes to Site-related vapor intrusion issues. 

 

Alternative GW-2 also would leave a large amount of residual mass contamination in place 

because it would only target recoverable pooled DNAPL (if located during the PDI). Alternative 

GW-2 does not address sorbed contaminants and dissolved phase groundwater contamination. 

Following the removal of additional pooled DNAPL (if located during the PDI), an estimated 30-

50% of the in-situ contaminant mass would likely remain in place as residual DNAPL located 

within soil pore spaces and dead-end bedrock fractures, matrix-diffused contamination, and 

contaminants sorbed to soil and bedrock minerals. Alternative GW-2 would also not directly 

address the contaminated groundwater plumes. Complete aquifer restoration would be achieved 

over time via contaminant attenuation/degradation after source removal in the Nyacol/WAC AOC. 

Due the large potential contaminant mass, it is estimated that 650 years would be required to 

achieve the target TCE PRG throughout the Site. 

 

Alternative GW-4 addresses pooled and residual DNAPL, and sorbed contaminants at the 

Nyacol/WAC AOC. However, it does not directly address the contaminated groundwater plume. 

Alternative GW-4 relies on contaminant attenuation/degradation after source removal and 

treatment in the Nyacol/WAC AOC to reduce the long-term residual risk in the downgradient 

plume AOC. Because of the large potential contaminant mass, it is estimated that 275 years would 

be required to achieve the target TCE PRG throughout the Site. 

 

Alternative GW-5 addresses pooled DNAPL, residual DNAPL, sorbed contaminants, and 

dissolved contaminants at the Nyacol/WAC AOC (estimated to be more than 90% of the total 

contaminant mass). However, it does not directly address the contaminated groundwater plume, 

but rather relies on contaminant attenuation/degradation from source removal and treatment in 

the Nyacol/WAC AOC to reduce the long-term residual risk in the downgradient residential area. 

It is estimated that 140 years would be required to achieve the target TCE PRG throughout the 

Site. 

 

Alternative GW-8 is considered to be the most aggressive active treatment alternative, as it 

includes both groundwater extraction and in-situ treatment in the Nyacol/WAC AOC and in-situ 

treatment in the downgradient plume AOC. GW-8 would target all known contaminant sources. 

Due to the inferred presence of DNAPL and matrix-diffused contaminant mass in deep fractured 
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bedrock as well as access limitations that may restrict in-situ treatment (e.g. active railroad tracks, 

industrial facilities, and property access to individual residential parcels located directly above the 

downgradient plume AOC), it is estimated that 140 years would be required to achieve the target 

TCE PRG throughout the Site. 

  

Alternative GW-9 includes in-situ only treatment in both the Nyacol/WAC and downgradient plume 

AOCs and targets all known contaminant sources. Because it does not include groundwater 

extraction, it is considered less aggressive than Alternative GW-8. Similar to Alternative GW-8, 

limitations (from DNAPL and matrix-diffused bedrock contaminants, active railroad tracks, 

industrial buildings, and property access to individual residential parcels located above the 

downgradient plume) may leave untreated contaminants in place following treatment. An 

estimated 275 years would be required to achieve the target TCE PRG throughout the Site. 

 

5.5 Reduction of Toxicity, Mobility, and Volume through Treatment 

GW-1 involves no further action or treatment.  

 

Alternative GW-2 includes extraction of recoverable DNAPL (if located during the PDI) but does not 

reduce the toxicity of the COCs or reduce the mobility of the associated contaminated groundwater 

plumes. The overburden contamination remaining in-place would require approximately 500 years 

to be reduced through natural attenuation processes at the start of the downgradient plume AOC 

(200 m from the modeled source).  

 

Alternative GW-4 includes extraction of recoverable DNAPL (if located during the PDI) and in-situ 

treatment in the Nyacol/WAC AOC. It does not directly address the contaminated groundwater 

plume with active treatment. The overburden contamination remaining in-place would require 

approximately 114 years to achieve the target TCE PRG through attenuation at the start of the 

downgradient plume AOC (200 m from the modeled source). 

 

Alternative GW-5 includes extraction of recoverable DNAPL and in-situ treatment and 

groundwater extraction in the Nyacol/WAC AOC. Although it does not reduce the toxicity of the 

COCs, it does serve to reduce the mobility of the associated groundwater in the Nyacol/WAC 

AOC. It does not reduce plume mobility within the downgradient plume AOC. The overburden 

contamination remaining in-place would require approximately 26 years to achieve the target TCE 
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PRG through attenuation at the start of the downgradient plume AOC (200 m from the modeled 

source). 

 

Alternative GW-8 is considered to be the most aggressive active treatment alternative, as it 

includes both groundwater extraction and in-situ treatment in Nyacol/WAC AOC and in-situ 

treatment in the downgradient plume AOC. Alternative GW-8 would target all known contaminant 

sources. Although it does not reduce the toxicity of the COCs, it does serve to reduce the mobility 

of the associated groundwater in the Nyacol/WAC AOC. It does not reduce plume mobility within 

the downgradient plume AOC but does reduce the mass of contaminants Due to the inferred 

presence of DNAPL and matrix-diffused contaminant mass in deep fractured bedrock and access 

limitations that may restrict in-situ treatment, full restoration would require  approximately 26 years 

to achieve the target TCE PRG through treatment in overburden at the start of the downgradient 

plume AOC (200 m from the modeled source). 

 

Alternative GW-9 includes DNAPL extraction at Nyacol WAC and in-situ treatment in both the 

Nyacol/WAC and downgradient plume AOCs, targeting all known contaminant sources.  Because 

it does not include groundwater extraction, it is somewhat less aggressive than GW-8 and does not 

serve to directly limit plume mobility. Due to the inferred presence of DNAPL and matrix-diffused 

contaminant mass in deep fractured bedrock as well as access limitations that may restrict in-situ 

treatment, it require 114 years to achieve the target TCE PRG through treatment in overburden at 

the start of the downgradient plume AOC (200 m from the modeled source). 

 

5.6 Short Term Effectiveness 

The short-term effectiveness of the remedial alternatives has been evaluated from four 

perspectives: risks to the community and on-site workers during implementation, short term 

environmental impacts, and sustainability.  

 

Alternative GW-1 has the lowest risks to the community and to workers during implementation. 

 

Alternative GW-2 has the least amount of material handling and intrusive work. However, it does 

involve some intrusive construction work (installation of DNAPL extraction wells) in the 

Nyacol/WAC AOC, and is considered to have some short-term community and sustainability 

impacts (i.e. heavy equipment noise and traffic; use of fossil fuels for construction equipment).  
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Alternative GW-4 involves some intrusive construction work in the Nyacol/WAC AOC (installation 

of extraction and injection wells) and, therefore, has some short-term community and 

sustainability impact (i.e. heavy equipment noise and traffic; fossil fuels for construction 

equipment and off-site material hauling). Alternative GW-4 also requires pressurized chemical 

injections, causing the potential for human (worker and community) exposure to reagents and 

products. However, Alternative GW-4 does not include actions within residential areas, reducing 

the potential risk to the community in comparison to remedies with off-site activities.  

 

Alternative GW-5 involves intrusive construction work in the Nyacol/WAC AOC (installation of wells 

and piping for groundwater extraction and treatment systems) and, therefore, has some short-term 

community and sustainability impact (i.e. heavy equipment noise and traffic; fossil fuels for 

construction equipment and off-site material hauling). The drawdown of groundwater to achieve 

plume capture may also result in short-term environmental impacts to wetlands in the Nyacol/WAC 

AOC (and potentially outside the AOC depending on the extent of groundwater drawdown). 

Alternative GW-5 also requires pressurized chemical injections, causing the potential for human 

(worker and community) exposure to reagents and products. However, Alternative GW-5 does not 

include actions within residential areas, reducing the potential risk to the community in comparison 

to other remedies.  

 

Alternative GW-8 includes DNAPL extraction and groundwater extraction in the Nyacol/WAC AOC 

and in-situ treatment in the Nyacol/WAC and downgradient plume AOCs. It requires pressurized 

chemical injections in both AOCs, including several rounds of full-scale chemical injections within 

off-site residential areas. These off-site actions increase the potential for community impacts in 

comparison with alternatives GW-2, GW-4 and GW-5. Groundwater drawdown may also result in 

short-term environmental impacts to wetlands in the Nyacol/WAC AOC. Alternative GW-8 is, 

therefore, considered to have slightly higher environmental and community impacts than Alternative 

GW-5. 

 

Alternative GW-9 includes DNAPL extraction in the Nyacol/WAC AOC and in-situ treatment in the 

Nyacol/WAC and downgradient plume AOCs. It requires pressurized chemical injections in both 

AOCs, including several rounds of full-scale chemical injections within off-site residential areas. 

These off-site actions and their resulting potential for community impacts are considered generally 

equivalent to Alternative GW-8. However, because Alternative GW-9 does not result in 
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groundwater drawdown, it results in less short-term environmental impacts than Alternative GW-

8.  

 

With respect to sustainability, Alternative GW-1 (no further action) is the most sustainable, 

followed by Alternative GW-2 (limited action). The other alternatives are a mix of a resource-heavy 

short-term technologies and technologies with a lower initial environmental footprint and lower 

sustainability over time. Of these, Alternative GW-4 (no pump and treat) is considered to be more 

sustainable, followed by Alternative GW-5 (both groundwater extraction and in-situ treatment, but 

not including the downgradient plume) and Alternative GW-9 (in-situ treatment in a larger area). 

Alternative GW-8 is considered to be the least sustainable alternative. 

 

The following estimates of times required to achieve the TCE PRG in overburden are provided 

below. See Appendix F for a full discussion of these estimates, which were based on the relative 

impact of remedial actions using assumptions based on site parameters and literature values. 

 

• GW-1 –680 years within Nyacol/WAC, 670 years at the edge of WAC (100 m) 

• GW-2 –650 years at Nyacol/WAC, 560 years at the edge of WAC (100 m)  

• GW-4 – 275 years at Nyacol/WAC, 180 years at the edge of WAC (100 m) 

• GW-5 –140 years at Nyacol/WAC, 40 years at the edge of WAC (100 m) 

• GW-8 –140 years at Nyacol/WAC, 40 years at the edge of WAC (100 m)  

• GW-9 –275 years at Nyacol/WAC, 180 years at the edge of WAC (100 m) 

 

5.7 Implementability 

Alternative GW-1 is readily implementable, as it would not include any further remedial actions.  

 

Alternative GW-2 is the most implementable of the action alternatives, as it involves only PDIs 

and actions to extract and optimize the extraction of recoverable DNAPL (if located during the 

PDI). Directional drilling may be used to reach areas that are otherwise inaccessible (such as 

beneath the railroad tracks and active industrial facilities) that are suspected or identified as 

having DNAPL based on the PDI. DNAPL extraction is assumed to consist of standalone stations 

similar to those that are already on-site but may be augmented by manual removal if those 

stations cannot be used because of access issues. Previous DNAPL extraction has not been 



 

NH-4537-2020-DF 136 Nobis Engineering, Inc. 

successful in recovering significant contaminant mass and engineering enhancements will be 

required to increase the overall DNAPL recoverability and achieve the target PRGs. 

 

Alternative GW-4 is more difficult to implement than Alternative GW-2 because it also includes in-

situ chemical treatment. In-situ treatment will require direct contact to destroy contamination, 

which may be difficult to reach in the weathered and shallow competent bedrock where a 

significant portion of the contamination is located. Angled boreholes may be used to reach areas 

where physical access is impossible (such as beneath the railroad tracks or under building 

foundations). Multiple injection depths are likely to be needed to target the highest concentrations 

and prevent short-circuiting through more permeable materials. 

 

Alternative GW-5 is more difficult to implement than Alternatives GW-2 or GW-4 because it relies 

on both groundwater extraction and in-situ chemical treatment. In-situ treatment will require direct 

contact to destroy contamination, which may be difficult to reach in the weathered and shallow 

competent bedrock where a significant portion of the contamination is located. Angled boreholes 

may be used to reach areas where physical access is impossible (such as beneath the railroad 

tracks or under building foundations). Multiple injection depths are likely to be needed to target 

the highest concentrations and prevent short-circuiting through more permeable materials. Post-

injection pump and treat would rely on a steady supply of electricity and other resources. However, 

the system would capture any contamination that is missed by the in-situ treatment program and 

prevent downgradient impacts. 

 

Alternatives GW-8 and GW-9 are more difficult to implement than Alternative GW-5 because they 

involve treatment within the downgradient plume AOC. This area is heavily developed and 

contains more than 40 residential and commercial properties, and access is expected to be 

limited. Contamination appears to extend to a significant depth in this area, creating a large 

potential treatment volume. Alternative GW-8 is the most difficult of the remedies to implement 

because it incorporates the most remedial components, activities, and infrastructure. 

 

The groundwater extraction included in Alternatives GW-5 and GW-8 would involve the 

construction of permanent wells, pipelines, and treatment buildings either across property 

boundaries or with long piping runs along utility corridors. Therefore, those alternatives are more 

difficult to implement than Alternative GW-9, which does not require permanent off-site 

components. 
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The infrastructure required for Alternative GW-9 is much less intrusive and would consist of 

permanent injection wells and temporary injection facilities; however, that alternative would 

require multiple injections in order to allow groundwater flow to carry reagents downgradient. 

 

 

5.8 Cost 

Cost estimates for each of the remedies are detailed in Appendix E.  

 

Based on these estimates, the overall ranking of the alternatives is as follows: 

 

• Alternative GW-1 has the lowest capital construction costs, while Alternatives GW-8 and 

GW-9 have the highest capital construction costs. 

• Alternative GW-1 has the lowest O&M costs, while Alternatives GW-5 and GW-8 have the 

highest O&M costs.  

• Alternative GW-1 has the lowest total costs, followed by Alternatives GW-2, then GW-4, 

then GW-5, then GW-9. Alternative GW-8 has the highest total costs. 
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Table 1-1
Summary of Properties Above Groundwater Plume

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 5

(sf) (acres)

13-057-00-000 18,068 Medium Density Residential Residential: 15-40k sqft

13-058-00-000 17,903 Medium Density Residential Residential: 15-40k sqft

13-059-00-000 17,710 Medium Density Residential Residential: 15-40k sqft

13-060-00-000 18,000 Medium Density Residential Residential: 15-40k sqft

13-061-00-000 15,825 Medium Density Residential Residential: 15-40k sqft

13-062-00-000 16,000 Medium Density Residential Residential: 15-40k sqft

13-063-00-000 15,600 Medium Density Residential Residential: 15-40k sqft

13-064-00-000 16,200 Medium Density Residential Residential: 15-40k sqft

13-065-00-000 15,200 Medium Density Residential Residential: 15-40k sqft

13-066-00-000 15,730 Multi-Family Residential Residential: 15-40k sqft

13-067-00-000 12,397 Multi-Family Residential Residential: 15-40k sqft

13-068-00-000 25,615 Multi-Family Residential Residential: 15-40k sqft

13-069-00-000 20,710 Multi-Family Residential Residential: 15-40k sqft

13-070-00-000 8,175 Multi-Family Residential Residential: 15-40k sqft

13-071-00-000 8,772 Multi-Family Residential Residential: 15-40k sqft

13-072-00-000 8,175 Multi-Family Residential Residential: 15-40k sqft

13-073-00-000 7,260 Multi-Family Residential Residential: 15-40k sqft

13-074-00-000 17,000 Multi-Family Residential Residential: 15-40k sqft

13-075-00-000 16,049 Multi-Family Residential Residential: 15-40k sqft

13-076-00-000 13,513 Multi-Family Residential Residential: 15-40k sqft

13-077-00-000 1.2 Multi-Family Residential Residential: 15-40k sqft

13-078-00-000 21,334 Multi-Family Residential Residential: 15-40k sqft

13-079-00-000 21,334 Multi-Family Residential Residential: 15-40k sqft

13-080-00-000 15,200 Multi-Family Residential Residential: 15-40k sqft

13-081-00-000 10,490 Multi-Family Residential Residential: 15-40k sqft

13-082-00-000 8,436 Multi-Family Residential Residential: 15-40k sqft

ZoningLand UseMap/
Lot Number

Area
VMS
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Table 1-1
Summary of Properties Above Groundwater Plume

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 5

(sf) (acres)
ZoningLand UseMap/

Lot Number

Area
VMS

13-083-00-000 14,400 Multi-Family Residential Residential: 15-40k sqft 40

13-084-00-000 10,800 Multi-Family Residential Residential: 15-40k sqft 26

13-085-00-000 4.16 Industrial Light Industrial

13-086-00-000 8,712 Industrial Light Industrial

13-087-00-000 8,300 Multi-Family Residential Light Industrial

13-088-00-000 9,265 Multi-Family Residential Light Industrial

13-089-00-000 35,844 Low Density Residential Light Industrial

13-090-00-000 12,662 Low Density Residential Light Industrial

13-091-00-000 6,125 Multi-Family Residential Light Industrial

13-092-00-000 8,000 Multi-Family Residential Light Industrial

13-093-00-000 0.41 Multi-Family Residential Light Industrial

13-094-00-000 11,718 Multi-Family Residential Light Industrial

13-095-00-000 15,075 Low Density Residential Light Industrial

13-096-00-000 1.98 Forest, Non Forest Wetland Light Industrial

13-097-00-000 10,355 Multi-Family Residential Light Industrial

13-098-00-000 9,180 Multi-Family Residential Light Industrial

13-099-00-000 15,430 Multi-Family Residential Light Industrial

13-100-00-000 13,068 Multi-Family Residential Light Industrial

13-101-00-000 14,521 Multi-Family Residential Light Industrial

13-102-00-000 7,475 Low Density Residential Light Industrial

13-103-00-000 6,850 Low Density Residential Light Industrial

13-104-00-000 2.5 Industrial Light Industrial

13-105-00-000 16,134 Industrial Light Industrial

13-106-00-000 46,281 Industrial Light Industrial

13-107-00-000 43,271 Industrial Light Industrial

13-108-00-000 38,402 Urban Public/Institution Light Industrial
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Table 1-1
Summary of Properties Above Groundwater Plume

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 5

(sf) (acres)
ZoningLand UseMap/

Lot Number

Area
VMS

13-109-00-000 1 Urban Public/Institution Light Industrial

13-127-00-000 66,103 Industrial Light Industrial

13-128-00-000 39,629 Industrial Light Industrial

13-129-00-000 41,445 Industrial Light Industrial

13-130-00-000 30,000 Commercial Light Industrial

13-131-00-000 30,000 Commercial Light Industrial

13-132-00-000 30,060 Commercial Light Industrial

13-138-00-000 123.22 Industrial/Commercial Highway Business, 
Light Industrial

14-007-00-000 15,300 Low Density Residential Residential: 15-40k sqft 34

14-008-00-000 16,200 Low Density Residential Residential: 15-40k sqft 37

14-009-00-000 8,780 Multi-Family Residential Residential: 15-40k sqft 39

14-015-00-000 17,522 High Density Residential Residential: 15-40k sqft 24

14-016-00-000 8,280 High Density Residential Residential: 15-40k sqft 38

14-017-00-000 8,190 High Density Residential Residential: 15-40k sqft 36

14-018-00-000 9,108 High Density Residential Residential: 15-40k sqft 35

14-019-00-000 10,000 Medium Density Residential Central Business 10

14-021-00-000 16,705 Medium Density Residential Central Business

14-022-00-000 13,105 Commercial Central Business 13

14-023-00-000 11,730 Medium Density Residential Central Business 17

14-024-00-000 21,600 Medium Density Residential Residential: 15-40k sqft 18

14-025-00-000 3,450 Low Density Residential Residential: 15-40k sqft 23

14-026-00-000 17,028 Multi-Family Residential Light Industrial 25

14-027-00-000 6,268 Multi-Family Residential Light Industrial 27

14-028-00-000 12,376 Multi-Family Residential Light Industrial 28

14-029-00-000 13,625 Multi-Family Residential Light Industrial 31

14-030-00-000 21,673 Low Density Residential Light Industrial 33
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Table 1-1
Summary of Properties Above Groundwater Plume

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 4 of 5

(sf) (acres)
ZoningLand UseMap/

Lot Number

Area
VMS

14-032-00-000 10,890 Low Density Residential Light Industrial

14-033-00-000 12,920 Multi-Family Residential Residential: 15-40k sqft 8

14-034-00-000 8,720 Multi-Family Residential Residential: 15-40k sqft 32

14-035-00-000 5,618 Multi-Family Residential Residential: 15-40k sqft 30

14-036-00-000 11,706 Multi-Family Residential Residential: 15-40k sqft 29

14-037-00-000 8,824 Multi-Family Residential Residential: 15-40k sqft 22A/B/C

14-038-00-000 7,928 Multi-Family Residential Residential: 15-40k sqft 20

14-039-00-000 23,055 Medium Density Residential Residential: 15-40k sqft 19

14-040-00-000 10,890 Multi-Family Residential Residential: 15-40k sqft 2

14-041-00-000 6,630 Multi-Family Residential Residential: 15-40k sqft 3

14-042-00-000 6,549 Multi-Family Residential Residential: 15-40k sqft 5

14-043-00-000 13,200 Multi-Family Residential Residential: 15-40k sqft 7A/B

14-044-00-000 73,000 Industrial Light Industrial

14-079-00-000 16,800 Medium Dense Residential Central Business

14-080-00-000 9,250 Commercial Central Business 14

14-081-00-000 13,056 Commercial Central Business 15

14-082-00-000 59,277 Urban Public/Institution Central Business B

14-083-00-000 1.43 Multi-Family Residential Central Business 42

14-086-00-000 1.08 Low Dens Res Central Business

14-087-00-000 6,813 Commercial Central Business 9

14-088-00-000 12,975 Multi-Family Residential Central Business 6

14-089-00-000 12,951 Multi-Family Residential Central Business 4

14-128-00-000 7.79 Industrial Light Industrial

14-129-00-000 22,400 Multi-Family Residential Residential: 15-40k sqft 41

14-146-00-000 1.5 Urban Public/Institution Central Business

NH-4537-2019 Nobis Engineering, Inc.



Table 1-1
Summary of Properties Above Groundwater Plume

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 5 of 5

(sf) (acres)
ZoningLand UseMap/

Lot Number

Area
VMS

14-150-00-000 17,100 Commercial Central Business

14-151-00-000 27,200 Urban Public/Institution Central Business

14-152-00-000 27,200 Multi-Family Residential Central Business 16

14-484-00-000 5,870 Medium Density Residential Residential: 15-40k sqft 21

Notes: 
1. Parcel IDs and areas from Town of Ashland 2017 Zoning Atlas, Map 13
2. Please see Figure 1-4 for property locations.
2. Groundwater plume defined as the area with TCE exceedances above 5 µg/L.
3. SF = square feet
4. Results in italics  indicate VMS installed outside of known plume.

NH-4537-2019 Nobis Engineering, Inc.



Table 1-2
Calculated Groundwater Horizontal Gradients
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 1

05/20/13 11/04/13 04/28/14 11/03/14 05/11/15 11/30/15 Gradient 
Pairs

Distance 
(feet) 05/20/13 11/04/13 04/28/14 11/03/14 05/11/15 11/30/15 Average

MW-113B 168.1 191.27 189.64 193.36 192.16 192.44 191.08 113B→405B 2485 -0.005 -0.005 -0.006 -0.006 -0.006 -0.005 -0.005

MW-202 175.8 187.04 186.45 188.41 187.69 187.65 187.17 113B→202 1612 -0.003 -0.002 -0.003 -0.003 -0.003 -0.002 -0.003

RMW-405B 138.0 178.41 177.45 179.35 178.19 178.70 178.04 202→405B 1329 -0.006 -0.007 -0.007 -0.007 -0.007 -0.007 -0.007

MW-104B 188.0 194.75 191.07 198.67 192.99 196.83 192.20 104B→408B 3848 -0.006 -0.005 -0.007 -0.005 -0.006 -0.005 -0.006

MW-06B 178.0 187.08 186.19 188.63 187.69 187.81 187.28 104B→06B 1229 -0.006 -0.004 -0.008 -0.004 -0.007 -0.004 -0.006

MW-408B 157.6 172.54 171.91 173.41 172.69 172.81 171.92 06B→408B 2680 -0.005 -0.005 -0.006 -0.006 -0.006 -0.006 -0.006

MW-113A 147.1 191.41 188.63 -- 192.30 192.69 191.14 113A→405A 2514 -0.005 -0.004 -- -0.005 -0.005 -0.005 -0.005

RMW-405A 109.5 178.98 178.05 180.07 178.72 179.12 178.61

MW-402 119.2 201.50 196.08 203.79 198.07 202.89 197.13 402→408A 4084 -0.007 -0.006 -0.007 -0.006 -0.007 -0.006 -0.007

MW-110 127.2 189.94 188.51 191.55 191.04 191.09 190.08 402→110 864 -0.013 -0.009 -0.014 -0.008 -0.014 -0.008 -0.011

MW-408A 140.0 172.71 171.21 173.60 172.81 173.00 172.12 110→408A 3336 -0.005 -0.005 -0.005 -0.005 -0.005 -0.005 -0.005

Notes:
1. ft NAD83 Location reference datum
2. ft NAVD88 Elevation reference datum
3. ft Feet
4. ft bgs Feet below ground surface
5. -- No data
6. NA Not Applicable
7. Well Type: OB: Well screen completely in the overburden soils; BR: Well screen completely in bedrock

Gradient

Date DateFLOW LINE WELL ID
Screen 

Midpoint
(ft MSL)

Groundwater Elevation (MSL)

OB North

OB South

BR North

BR South

NH-4537-2019 Nobis Engineering, Inc.



Table 1-3
Calculated Groundwater Vertical Gradients

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 2

WL SM grad WL SM grad WL SM grad WL SM grad
MW-03B BR -- -- -- -- -- -- 192.56 155.60 -- 193.34 155.60 --
MW-03A OB/BR
MW-04C BR 192.06 123.40 0.001 193.52 123.40 -0.001 192.44 123.40 0.004 190.37 123.40 0.002
MW-04A* OB 192.01 172.56 193.56 173.33 192.24 172.67 190.29 171.70
MW-09B BR 191.77 159.70 -- 192.83 159.70 -- 192.14 159.70 -0.004 190.62 159.70 -0.002
MW-09C OB -- -- -- -- -- -- 192.23 184.70 190.66 184.70
MW-102A BR 192.02 168.70 -- 193.26 168.70 -- 193.08 168.70 0.003 191.11 168.70 -0.001
MW-102B OB -- -- -- -- 193.04 183.70 191.12 183.70
MW-104A BR 192.75 163.60 0.000 194.06 163.60 -0.012 194.06 163.60 -0.028 191.05 163.60 -0.001
MW-104B OB 192.76 188.00 194.36 188.00 194.75 188.00 191.07 188.00
MW-107 BR -- -- -- -- -- -- 187.72 158.20 0.032 186.64 158.20 0.023
MW-06B OB -- -- -- -- -- -- 187.08 178.00 186.19 178.00
MW-110 BR 190.33 127.20 0.003 191.44 127.20 0.003 189.94 127.20 0.003 188.51 127.20 0.002
MW-06A OB 190.15 183.40 191.29 183.40 189.79 183.40 188.39 183.40

MW-112A BR 190.68 154.80 -0.010 192.02 154.80 -0.016 190.53 154.80 -0.006 189.20 154.80 0.002
MW-112B OB 190.81 168.00 192.23 168.00 190.61 168.00 189.18 168.00
MW-113A BR 191.42 147.09 0.008 193.14 147.09 0.014 191.41 147.09 0.007 188.63 147.09 -0.048
MW-113B OB 191.26 168.10 192.85 168.10 191.27 168.10 189.64 168.10
MW-115A BR 183.56 103.71 0.000 185.15 103.71 0.019 183.67 103.71 -0.001 182.90 103.71 -0.001
MW-115B OB 183.55 146.02 184.33 146.02 183.73 146.02 182.94 146.02
MW-203A BR 187.81 117.80 -0.005 187.83 117.80 -0.026 188.00 117.80 -0.001 187.23 117.80 0.044
MW-203B OB 188.05 164.40 189.02 164.40 188.03 164.40 185.20 164.40
MW-204A BR 190.03 149.10 -- 190.96 149.10 -- 190.09 149.10 -0.009 189.08 149.10 -0.004
MW-204B OB -- -- -- -- 190.31 172.87 189.17 172.87
MW-304A BR 188.36 140.04 -0.001 188.80 140.04 -0.003 188.21 140.04 -0.002 188.04 140.04 -0.001
MW-304B OB 188.39 164.52 188.88 164.52 188.27 164.52 188.07 164.52

RMW-305A BR 189.14 144.97 0.003 189.86 144.97 0.008 189.15 144.97 0.006 188.64 144.97 0.004
MW-305B OB 189.03 179.28 189.57 179.28 188.95 179.28 188.49 179.28
MW-401 BR 190.77 106.16 -- 192.33 106.16 -- 191.01 106.16 0.003 189.44 106.16 -0.020

P-2 OB -- -- -- -- 190.85 155.40 190.43 155.40
MW-403A BR 179.17 141.65 0.015 179.98 141.65 0.002 179.29 141.65 0.014 177.94 141.65 0.014

RMW-403B OB 178.73 170.50 179.93 170.50 178.89 170.50 177.54 170.50
MW-404A BR 180.48 56.50 -0.010 181.63 56.50 -0.010 181.05 56.50 -0.009 179.35 56.50 -0.004
MW-404B OB 181.48 154.40 182.63 154.40 181.96 154.40 179.78 154.40

RMW-405A BR 178.03 109.48 -0.011 178.45 109.48 -0.013 178.98 109.48 0.020 178.05 109.48 0.021
RMW-405B OB 178.33 137.95 178.82 137.95 178.41 137.95 177.45 137.95
MW-406A BR 177.27 123.07 -0.001 178.13 123.07 0.000 177.42 123.07 -0.001 176.16 123.07 0.000
MW-406B OB 177.30 146.16 178.14 146.16 177.44 146.16 176.16 146.16
MW-407A BR -- -- -- -- -- -- 174.99 77.50 0.000 173.80 77.50 0.000
MW-407B OB -- -- -- -- -- -- 174.97 138.60 173.81 138.60
MW-408A BR -- -- -- -- -- -- 172.71 140.00 0.010 171.21 140.00 -0.040
MW-408B OB -- -- -- -- -- -- 172.54 157.60 171.91 157.60
MW-503B* BR 211.00 209.60 -- 213.91 211.06 -0.869 213.76 210.98 -0.804 210.18 209.19 --
MW-503A* OB -- -- 225.89 224.85 224.25 224.03 -- --
MW-505B BR -- -- -- -- -- -- 210.10 204.90 -0.485 209.53 204.90 -0.542
MW-505A* OB -- -- -- -- -- -- 215.25 215.53 215.30 215.55

NO WELL KEY NO WELL KEY NO WELL KEY NO WELL KEY

Well ID Unit

Date

8/13/2012 11/5/2012 5/20/2013 11/4/2013

NH-4537-2019 Nobis Engineering, Inc.



Table 1-3
Calculated Groundwater Vertical Gradients

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 2

MW-03B BR
MW-03A OB/BR
MW-04C BR
MW-04A* OB
MW-09B BR
MW-09C OB
MW-102A BR
MW-102B OB
MW-104A BR
MW-104B OB
MW-107 BR
MW-06B OB
MW-110 BR
MW-06A OB

MW-112A BR
MW-112B OB
MW-113A BR
MW-113B OB
MW-115A BR
MW-115B OB
MW-203A BR
MW-203B OB
MW-204A BR
MW-204B OB
MW-304A BR
MW-304B OB

RMW-305A BR
MW-305B OB
MW-401 BR

P-2 OB
MW-403A BR

RMW-403B OB
MW-404A BR
MW-404B OB

RMW-405A BR
RMW-405B OB
MW-406A BR
MW-406B OB
MW-407A BR
MW-407B OB
MW-408A BR
MW-408B OB
MW-503B* BR
MW-503A* OB
MW-505B BR
MW-505A* OB

Well ID Unit

WL SM grad WL SM grad WL SM grad WL SM grad
194.53 155.60 -0.026 193.41 155.60 -- 193.77 155.60 -- 192.26 155.60 -0.021
194.97 172.60 192.62 172.60
194.11 123.40 -0.001 193.24 123.40 -0.008 193.56 123.40 0.000 192.19 123.40 0.002
194.15 173.63 193.66 173.38 193.57 173.34 192.10 172.60
193.97 159.70 -0.004 192.24 159.70 -0.002 192.90 159.70 -0.003 191.72 159.70 -0.002
194.08 184.70 192.29 184.70 192.98 184.70 191.76 184.70
194.74 168.70 0.005 192.37 168.70 0.001 193.90 168.70 0.006 192.17 168.70 0.000
194.67 183.70 192.35 183.70 193.81 183.70 192.17 183.70
196.55 163.60 -0.087 192.94 163.60 -0.002 195.35 163.60 -0.061 192.23 163.60 0.001
198.67 188.00 192.99 188.00 196.83 188.00 192.20 188.00
189.44 158.20 0.041 188.27 158.20 0.029 188.50 158.20 0.035 187.81 158.20 0.027
188.63 178.00 187.69 178.00 187.81 178.00 187.28 178.00
191.55 127.20 -0.001 191.04 127.20 0.003 191.09 127.20 0.004 190.08 127.20 0.003
191.58 183.40 190.89 183.40 190.85 183.40 189.92 183.40
192.48 154.80 -0.013 191.44 154.80 -0.013 191.66 154.80 -0.006 190.50 154.80 -0.007
192.65 168.00 191.61 168.00 191.74 168.00 190.59 168.00

-- -- -- 192.30 147.09 0.007 192.69 147.09 0.012 191.14 147.09 0.003
193.36 168.10 192.16 168.10 192.44 168.10 191.08 168.10
184.99 103.71 0.001 183.97 103.71 0.005 184.34 103.71 0.000 184.10 103.71 0.013
184.96 146.02 183.75 146.02 184.36 146.02 183.57 146.02
189.35 117.80 -0.001 188.60 117.80 -0.001 188.15 117.80 -0.012 188.15 117.80 0.000
189.39 164.40 188.64 164.40 188.69 164.40 188.13 164.40
191.30 149.10 -0.017 190.58 149.10 -0.015 190.88 149.10 -0.012 190.00 149.10 -0.008
191.71 172.87 190.94 172.87 191.16 172.87 190.19 172.87
189.19 140.04 -0.002 188.74 140.04 0.000 188.76 140.04 -0.001 188.48 140.04 0.001
189.23 164.52 188.75 164.52 188.78 164.52 188.45 164.52
190.05 144.97 0.010 189.54 144.97 0.008 189.64 144.97 0.009 189.17 144.97 0.007
189.70 179.28 189.28 179.28 189.34 179.28 188.93 179.28
192.97 106.16 -0.008 191.81 106.16 0.000 192.20 106.16 0.003 190.84 106.16 0.001
193.34 155.40 191.79 155.40 192.07 155.40 190.79 155.40
180.50 141.65 0.005 178.88 141.65 0.009 179.76 141.65 0.011 178.59 141.65 0.010
180.36 170.50 178.62 170.50 179.43 170.50 178.31 170.50
183.01 56.50 -0.009 180.50 56.50 -0.005 182.24 56.50 -0.007 180.06 56.50 -0.004
183.89 154.40 181.03 154.40 182.97 154.40 180.43 154.40
180.07 109.48 0.025 178.72 109.48 0.019 179.12 109.48 0.015 178.61 109.48 0.020
179.35 137.95 178.19 137.95 178.70 137.95 178.04 137.95
178.63 123.07 0.000 177.10 123.07 0.000 178.00 123.07 0.001 176.68 123.07 -0.002
178.63 146.16 177.11 146.16 177.98 146.16 176.73 146.16
176.07 77.50 0.000 174.70 77.50 0.000 175.54 77.50 0.000 174.48 77.50 0.000
176.05 138.60 174.68 138.60 175.52 138.60 174.46 138.60
173.60 140.00 0.011 172.81 140.00 0.007 173.00 140.00 0.011 172.12 140.00 0.011
173.41 157.60 172.69 157.60 172.81 157.60 171.92 157.60
217.44 212.82 -- 211.21 209.71 -- 217.45 212.83 -0.655 210.98 209.59 --

-- -- -- -- 225.04 224.42 -- --
210.18 204.90 -0.603 209.70 204.90 -0.589 215.29 204.90 0.641 209.66 204.90 -0.568
217.16 216.48 216.25 216.03 210.12 212.96 215.87 215.84

Notes:
1. WL = water level elevation (feet above mean sea level)
2. MS = saturated screen midpoint elevation (feet above mean sea level)
3. See Table 2-2 for well construction details

4. * indicates water level within well screen. Midpoint of saturated well screen used for gradient calculation.

5/11/2015 11/30/2015

NO WELL KEYNO WELL KEY

Date

4/28/2014 11/3/2014

NH-4537-2019 Nobis Engineering, Inc.



Table 1-4
Historical Data Comparison in Selected Wells
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 3
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70 5 2 70 600 75 100 5 --
04/10/90 5 U 2 J 10 U 10 U 10 U 10 U 1 J 5 U 10 U
11/06/12 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
12/01/15 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 1 J

04/10/90 67 180 10 U 10 U 6 J 10 U 15 5 U 6 J
10/29/03 11 100 2 U 0.26 J 0.87 0.34 1.7 J 2 U 0.97
11/06/12 5 U 34 5 U 5 U 5 U 5 U 5 U 5 U 5 U
12/01/15 2.6 J 40 5 U 5 U 5 U 5 U 5 U 5 U 4.8 U

11/15/17 1 U 8.3 1 U 1 U 1 U 1 U 1 U 1 U NA
04/10/90 5 U 38 10 U 10 UJ 10 UJ 10 UJ 5 5 U 10 UJ
11/06/12 5 U 11 5 U 5 U 5 U 5 U 5 U 5 U 5 U
12/01/15 4.4 J 53 5 U 5 U 5 U 5 U 5 U 5 U 4.8 U

11/15/17 1.2 14 1 U 1 U 1 U 1 U 1 U 1 U NA
04/09/90 780 78 100 U 150 2300* 500* 25 J 50 U 10 U
11/07/12 16 4.6 J 5 U 5 U 48 5.4 5 U 5 U 5 U
12/02/15 31 12 5 U 2.9 J 120 14 2.8 J 5 U 4.8 U

04/10/90 320 1400 100 U 17 J 600* J 90 J 800 17 J R
10/30/03 250 360 10 U 28 740 100 400 11 14 U
12/03/15 180 17 5 U 25 450 77 180 3.3 J 5 U
04/10/90 120 J 260 50 U 630* 380* 71 640 6 J 10 U
11/07/12 28 6.5 5 U 43 29 4.6 J 15 5 U 5 U
11/30/15 80 18 5 U 61 56 11 36 5 U 4.8 U

11/15/17 43 16 5 U 5 U 49 9 27 5 U NA
04/12/90 1300 U 26000 2500 U 350 J 65000* J 15000* J 34000 1300 U 36000* J
11/08/12 400 U 17000 400 U 400 U 28000 6100 19000 400 U NA
12/01/15 12 18000 5 U 99 63000 14000 29000 24 54000

04/12/90 290 2600 250 U 210 2000* 450* 1200 130 U 6100*
10/31/03 14 J 14 5.5 2.1 J 17 J 3.7 J 7.7 J 2 U 13 J
11/07/12 67 290 5 U 26 240 42 64 5 U 12
12/01/15 110 290 6 11 260 45 110 5 U 45

11/16/17 89 200 10 U 10 U 150 32 90 10 U NA
04/11/90 100 U 3500 200 U 110 J 1600* J 280* J 3300 38 J R
10/31/03 200 J 4300 100 U 71 J 1000 J 180 J 2900 J 100 U 29 U

130 2300 50 U 110 1600 280 2600 46 J 5 U
130 2200 50 U 130 1600 270 2500 46 J 4.8 U

190 J+ 2200 J+ 50 U 74 J 1200 210 2900 41 J 4.8 U

210 2600 50 U 110 J 1500 260 2900 42 J 4.8 U

11/13/17 170 2200 100 U 100 U 1400 260 2700 100 U NA

MW-04A

MW-04C

MW-09B

MW-113A

MW-113B

MW-115A

MW-04B 

MCL

11/05/12

11/30/15

MW-107

MW-110

NH-4537-2019 Nobis Engineering, Inc.



Table 1-4
Historical Data Comparison in Selected Wells
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 2 of 3
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70 5 2 70 600 75 100 5 --MCL
04/11/90 170 U 4800 330 U 140 J 2400* J 420* J 4200 170 U R
11/05/12 290 2500 50 U 220 1800 320 1600 50 U 5 U
11/30/15 400 2600 50 U 230 1900 330 1600 30 J 4.8 U

410 2000 100 U 180 1600 290 1400 100 U NA
390 2000 100 U 100 U 1500 280 1400 100 U NA

04/12/90 360 J 3400 200 U 680* J 2300* J 450* J 3300 74 J 59 J
10/29/03 410 1900 40 U 530 1500 300 2400 63 14 U
11/05/12 360 1500 25 U 800 2600 390 2500 52 5 U
12/02/15 560 1100 6.8 680 2300 420 2300 47 4.8 U

11/13/17 580 640 50 U 440 1800 320 1800 50 U NA
04/12/90 150 2100 250 U 52 J 160* J 140 J 3700 96 J R
10/31/03 630 J 3800 100 J 130 U 1700 J 270 J 9000 J 200 130 U
11/05/12 220 2800 350 140 3200 500 6400 140 4.2 J
12/02/15 3.5 J 17 2000 35 J+ 1500 250 6200 140 4.8 U

11/13/17 50 U 170 1200 50 U 1900 290 7600 130 NA
04/12/90 32 J 290 33 U 11 310 56 420 12 J 330 J
10/30/03 46 110 2.9 J 16 180 38 140 4.5 30
11/06/12 10 69 5 U 5 U 32 5.6 24 5 U 5 U
12/02/15 15 45 5 U 4.6 J 41 9.6 12 5 U 4.8 U

04/09/90 63 1500* 50 U 14 190 32 830* 15 J 21
10/30/03 110 870 10 U 15 490 73 580 74 5.1 U

160 330 5 U 15 610 65 370 41 5 U
150 290 5 U 14 550 59 350 39 5 U
230 260 5 U 23 490 74 410 38 4.8 U

250 250 5 U 24 480 76 410 43 4.8 U

11/15/17 190 130 10 U 10 370 53 340 26 NA
04/11/90 25 U 340 J 50 U 18 J 52 9 J 590 J 22 J 10 U
10/30/03 130 1400 26 17 370 76 1000 43 82
11/06/12 480 1700 46 42 1200 180 1000 27 J 150
12/01/15 800 J+ 2500 54 59 1300 280 1100 32 130

660 1800 50 U 50 U 1200 230 1100 50 U NA
610 1800 190 50 U 1100 210 1000 50 U NA

04/11/90 150 J 670 50 U 24 J 260 J 55 310 15 J 330 J
10/30/03 140 200 6 16 180 36 140 4.5 30
11/06/12 63 55 5 U 9.2 93 17 51 5 U 5 U
12/01/15 150 100 2.2 J 23 210 41 110 2.2 J 4.8 U

11/15/17 130 90 5 U 5 U 190 37 99 5 U NA
04/11/90 280 5600 330 U 160 3200* J 700* J 2700 170 U 18000 J
11/06/12 60 870 5 U 49 730 100 180 5 U 5 U
11/30/15 170 880 5 U 81 820 180 330 5 U 23

11/14/17 99 850 50 U 50 U 660 140 280 50 U NA

MW-203A

MW-204A

MW-302

RMW-305A

MW-304B

11/07/12

12/03/15

MW-115B

11/13/17

MW-202

MW-304A

11/15/17

NH-4537-2019 Nobis Engineering, Inc.



Table 1-4
Historical Data Comparison in Selected Wells
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 3 of 3
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70 5 2 70 600 75 100 5 --MCL
04/11/90 10 250 J 20 U 10 U 100 23 83 10 U 9 J
11/06/12 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
11/30/15 5 U 2.4 J 5 U 5 U 3.5 J 5 U 5 U 5 U 4.8 U
11/14/17 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U NA
04/12/90 130 U 4200 250 U 24 3400* 780 4800 130 U 9700*

150 J 12000 250 U 250 U 3900 700 4200 250 U 5.9
250 U 14000 250 U 250 U 3500 670 3900 250 U 18000

12/01/15 5 U 14 5 U 5 U 5 U 5 U 5 U 5 U 4.8 U
04/12/90 55 J 3100 170 U 10 U 62 7 J 91 83 U 400* J
11/09/12 520 8000 130 U 130 U 610 130 U 130 U 130 U 610
12/02/15 490 7100 J+ 50 U 50 U 220 25 J 29 J 50 U 1600
04/10/90 13 U 250 25 U 11 J 180 J 29 J 360 6 J 10 UJ
11/05/12 19 51 5 U 5 U 24 5 U 57 5 U 5 U
11/30/15 25 66 5 U 5 U 42 7.8 78 5 U 4.8 U
11/15/17 19 35 5 U 5 U 12 5 U 31 5 U NA
04/10/90 130 U 3200 250 U 100 J 1800* J 240* J 4300 55 J R
11/05/12 810 2200 50 U 130 1800 290 2400 37 J 12
11/30/15 2400 220 7.8 190 1900 330 2400 36 4.8 U
11/15/17 2300 100 U 100 U 120 1600 300 2300 100 U 1 U
04/09/90 5 U 5 U 10 U 10 U 10 U 10 U 5 U 5 U 10 U
11/07/12 5 U 8 5 U 5 U 14 5 U 4.3 J 5 U 12
11/30/15 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 4.8 U
04/09/90 5 U 5 U 10 U 10 U 10 U 10 U 5 U 5 U R
11/07/12 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 20000
11/30/15 5 U 1.7 J 5 U 5 U 5 U 5 U 5 U 5 U 4.8 U

Notes:

2. All concentrations reported in micrograms per liter (ug/L).

4. U qualified data not detected above laboratory detection limit.
5. J qualified data is an estimated value.
6. 1990 data had only total 1,2-dichloroethene; assumed to be the cis isomer.

MW-401

MW-402

RMW-405A

RMW-405B

MW-406A

MW-406B

MW-305B

1. Only wells with data from 1990 and at least one detection are shown. Data shown for selected years (1990, 2003, 2012, 
2015, 2017) to depict the range of results.

3. Bold concentrations exceed maximum contaminant level (MCL). 

11/07/12
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Table 2-1
Summary of Location-Specific ARARs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 2

REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Resource Conservation and Recovery Act 
(RCRA) Floodplain Restrictions for Hazardous 
Waste Facilities (40 C.F.R. § 264.18(b)

 Applicable
A hazardous waste treatment, storage, or disposal facility located in a 100-year floodplain must be designed, constructed, 
operated, and maintained to prevent washout or to result in no adverse effects to human health or the environment if a washout 
were to occur.

Floodplains Management (Executive Order 
11988 and 11990); FEMA Regulations (44 
C.F.R. Part 9)

Applicable

These Federal Emergency Management Agency (FEMA) regulations set forth the policy, procedure and responsibilities to 
implement and enforce Executive Order 11988 (Floodplain Management) and Executive Order 11990 (Protection of Wetlands).  
These regulations require the avoidance of impacts associated with the occupancy and modification of federally-designated 100-
year and 500-year floodplain and the avoidance of development within the floodplain wherever there is a practicable alternative.  
An assessment of impacts to the 500-year floodplain is required for critical actions, which include siting waste facilities in a 
floodplain. Requires public notice when proposing any action in or affecting a floodplain or wetlands.

Clean Water Act (CWA), Dredge or Fill 
Requirements Section 404 ( 40 C.F.R Parts 
230 and 231, and 33 C.F.R. Parts 320-323

Applicable

Section 404 of the CWA regulates the discharge of dredged or fill materials to U.S. waters, including wetlands. Filling wetlands 
would be considered a discharge of fill materials. Guidelines for Specification of Disposal Sites for Dredged or Fill material at 40 
CFR Part 230, promulgated under CWA Section 404(b)(1), maintain that no discharge of dredged or fill material will be permitted if 
there is a practical alternative that would have less effect on the aquatic ecosystem. If adverse impacts are unavoidable, action 
must be taken to restore or create alternative wetlands.

Fish and Wildlife Coordination Act (16 U.S.C. 
§ 661 et seq.; 40 C.F.R. Part 6) Applicable

Actions that affect species/habitat require consultation with USDOI, USFWS, NMFS, and/or state agencies, as appropriate, to 
ensure that proposed actions do not jeopardize the continued existence of the species or adversely modify or destroy critical 
habitat.  The effects of water-related projects on fish and wildlife resources must be considered.  Action must be taken to prevent, 
mitigate, or compensate for project-related damages or losses to fish and wildlife resources.

Migratory Bird Treaty Act (16 U.S.C. 703 et 
seq.) Applicable If migratory birds are identified at the Site, this Act makes it unlawful to take, capture, kill, or otherwise impact a migratory bird or 

any nest or egg of a migratory bird.

National Historic Preservation Act (NHPA), 54 
U.S.C. §§ 306108 and 306107, 36 C.F.R. Part 
800 

Applicable
Sections 106 and 110(f) of the National Historic Preservation Act of 1966, as amended, require EPA to take into account the 
effects of CERCLA response actions on any historic property included or eligible for inclusion on the National Registry of Historic 
Places. 

"Policy on Floodplains and Wetland 
Assessments for CERCLA Actions" OSWER 
Directive 9280.0-02 (August 6, 1985)

To Be 
Considered 

This guidance discusses situations that require preparation of floodplains or wetlands assessments and the factors that should be 
considered in preparing an assessment for response actions taken under Section 104 or 106 of CERCLA, including avoiding 
adverse impacts to wetlands and floodplains unless there is no practicable alternative and the proposed action includes all 
practicable measures to minimize harm that may result from such actions.  

FEDERAL ARARs and TBCs

NH-4537-2019 Nobis Engineering, Inc.



Table 2-1
Summary of Location-Specific ARARs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 2

REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Massachusetts Hazardous Waste 
Regulations; Land Subject to Flooding, 310 
CMR 30.701

 Applicable

Any new or expanded hazardous waste storage or treatment facility (receiving wastes only from on-site sources) shall be flood-
proofed if the active portion is located within the boundary of land subject to flooding from a statistical 100-year storm. Flood 
proofing shall be designed, constructed, operated and maintained to prevent floodwater from coming into contact with hazardous 
waste.

Massachusetts Antiquities Act (M.G.L. c. 9, §§ 
26-27C); Massachusetts Historical 
Commission Regulations, 950 CMR 70.00; 
Protection of Properties Included in the State 
Register of Historic Places, 950 CMR 71.00

 Applicable
These regulations require the adoption of prudent and feasible means to eliminate, minimize or mitigate adverse effects to historic 
and archeological properties.  These regulations establish procedures for coordination with the National Historic Preservation Act.  
These regulations may be applicable if significant historic features or artifacts are identified during intrusive work.

Wetlands Protection Act and Regulations: 310 
CMR 10.00/MGL c.131 

Relevant and 
Appropriate

Regulations restrict dredging, filling, altering, or polluting inland wetland resource areas and impose performance standards for 
work in such areas. Protected resource areas include banks (10.54), bordering vegetated wetlands (10.55), land under water 
(10.56), bordering land subject to flooding (10.57) and riverfront areas (10.58).

STATE ARARs and TBCs
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Table 2-2
Summary of Chemical-Specific ARARs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 2

REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

OSWER Technical Guide for Assessing and Mitigating 
the Vapor Intrusion Pathway from Subsurface Vapor 
Sources to Indoor Air (OSWER Publication 9200.2-
154). June 2015.

To Be 
Considered

This EPA guidance establishes a methodology for assessing potential indoor air risks to human health that may 
result from volatilization of contaminants from groundwater and soil vapor into an overlying building, using multiple 
lines of evidence.

EPA Vapor Intrusion Screening Level (VISL)  calculator To Be 
Considered

EPA developed the VISLs as numerical screening levels to identify areas or buildings that may warrant further 
investigation of the vapor intrusion pathway.

Regional Screening Levels for Chemical Contaminants 
at Superfund Sites (https://www.epa.gov/risk/regional-
screening-levels-rsls-generic-tables)

To Be 
Considered

Provides risk-based screening levels for various environmental media, for residential and industrial exposure 
scenarios, and for leaching of contaminants to groundwater.

EPA Risk Reference Doses (RfDs) and EPA 
Carcinogen Assessment Group Cancer Potency 
Factors (CPFs)

To Be 
Considered

RfDs are considered to be levels unlikely to cause significant adverse non-cancer health effects associated with 
lifetime exposure. RfDs are used to develop risk-based cleanup standards by computing human health hazards 
from exposure to non-carcinogens at the Site. CPFs are used as qualitative weight-of-evidence judgment as to the 
likelihood of a chemical being a carcinogen

EPA Human Health Assessment Cancer Slope Factors To Be 
Considered

Cancer slope factors estimate the upper-bound probability of increased cancer risk from lifetime exposure to 
contaminants. Used to develop risk-based cleanup standards by computing the incremental cancer risk from 
exposure to carcinogens at the Site.

Guidelines for Carcinogenic Risk Assessment, 
EPA/630/P-03/001F, March 2005

To Be 
Considered Guidance values used to evaluate the potential carcinogenic hazard caused by Site contaminant exposure.

EPA Carcinogenic Assessment Group Potency Factors To Be 
Considered These factors are used to evaluate an acceptable risk from a carcinogen.

Supplemental Guidance for Assessing Susceptibility 
from Early-Life Exposure to Carcinogens, 
EPA/630/R/03/003F, March 2005

To Be 
Considered

Guidance values used to evaluate the potential carcinogenic hazard to children caused by Site contaminant 
exposure.

Federal ARARs and TBCs
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Summary of Chemical-Specific ARARs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

MassDEP Vapor Intrusion Guidance: Site Assessment, 
Mitigation and Closure, Policy #WSC-16-435 (October 
14, 2016),  Indoor Air Threshold Values

To Be 
Considered

This guidance establishes threshold values for contaminants in indoor air, assuming that multiple contaminants are 
present.

Massachusetts Contingency Plan (MCP), Method 1 
Groundwater Standards, 310 CMR 40.0000

To Be 
Considered

The MCP has established a set of risk-based threshold concentrations that must be attained in order to achieve a 
condition of no significant risk for groundwater within a particular groundwater classification area.

MCP, Method 3 Upper Concentration Limits, 310 CMR 
40.0996

To Be 
Considered

The MCP GW-3 standards are intended to address ecological effects resulting from discharge of contaminants to 
surface water. Risk-based target values are modified by two dilution/attenuation factors to estimate an allowable 
concentration in groundwater discharging to a surface water body.

STATE ARARs and TBCs
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Summary of Action-Specific ARARs
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Ashland, Massachusetts
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REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Clean Air Act, National Emission Standards for 
Hazardous Air Pollutants (NESHAPS) (40 C.F.R. 
Part 61)

Applicable Regulates VOC emissions from specific source categories.  Establishes allowable numerical limits for 
specific stationary source categories. Provides requirements for monitoring, testing, reporting, and repairs.

Clean Water Act, National Pollution Discharge Elimination 
System (NPDES) 40 C.F.R. Parts 122 and 125 Applicable

These regulations contain discharge limitations, monitoring requirements, and best management practices (BMPs) for 
discharges into navigable waters, i.e., surface waters. These regulations would be applicable to alternatives involving 
discharge to surface waters.  

Clean Water Act, General Pretreatment Regulations for 
Existing and New Sources of Pollution, 40 C.F.R. Part 403 Applicable Discharge of nondomestic wastewater to publicly owned treatment works (POTWs) must comply with the general 

prohibitions of these regulations, as well as categorical standards, and local pretreatment standards.

Resource Conservation and Recovery Act (RCRA), 
Subtitle C, 40 C.F.R. Parts 260-262, 264 (including 
Subparts B-G, I-N, W, X) and 268

Applicable

Standards used to identify, manage, and dispose of hazardous waste. Massachusetts has been delegated the 
authority to administer these standards through its hazardous waste management regulations. Includes hazardous 
waste identification; generator and handler requirements; tracking requirements; storage, treatment, and disposal 
requirements; groundwater monitoring requirements; closure and post-closure requirements; and land disposal 
restrictions.

Resource Conservation and Recovery Act (RCRA), Tank 
Systems, 40 C.F.R. Part 264 Subpart J Applicable Tanks or tank systems that are to be used to temporarily store hazardous liquids or as part of a treatment system for 

hazardous liquids must be designed, installed, and operated in accordance with the RCRA standards.

EPA Off-Site Rule (40 CFR 300.440) Applicable CERCLA wastes may only be sent to a facility operating in compliance with RCRA and/or other applicable Federal or 
State requirements. 

Hazardous Materials Regulations (49 CFR 170-178) Potentially 
Applicable

Includes requirements for packaging, shipping, labelling of hazardous material including hazardous waste; placarding 
for transport; condition of shipping papers and material; and maintenance of shipment and training records. This may 
be applicable for treatment media or other material that results from water treatment and for extracted DNAPL.

Safe Drinking Water Act and Resource Conservation and 
Recovery Act, Underground Injection Control Program, 40 
C.F.R.  §§ 144, 146, 147

Relevant and 
Appropriate

These standards regulate disposal systems or any bored, drilled, or driven shaft, dug hole, or any other opening in the 
ground that is used to discharge waste (where "waste" is defined as "any substance or material that flows or moves 
whether in a semi-solid, liquid or other state), either under pressure or gravity, to the soil or groundwater.   

FEDERAL ARARs and TBCs
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REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Guide to Management of Investigation-Derived Wastes; 
OSWER 9345.3-03FS (1992)

To Be 
Considered Guidance on managing IDW in a manner that ensures protection of human health and the environment.

Use of Monitored Natural Attenuation at Superfund, 
RCRA Corrective Action and Underground Storage Tank 
Sites. OSWER 9200.4-17P (1999)

To Be 
Considered Guidance regarding use of monitored natural attenuation for cleanup of contaminated groundwater.

National Recommended Water Quality Criteria To Be 
Considered

EPA compiled National Recommended Water Quality Criteria as summary tables containing recommended water 
quality criteria for the protection of aquatic life and human health in surface water for approximately 150 pollutants.  
These criteria provide guidance for states and tribes to use to establish water quality standards.

EPA Office of Water, National Recommended Water 
Quality Criteria: 2002 (guidance), EPA 822-R-02-047 
(November 2002)

To Be 
Considered

This guidance regarding the NRWQC is based on data and scientific judgments about the relationship between 
pollutant concentrations and environmental effects.  The guidance was considered in the establishment of site-specific 
cleanup levels and delineation criteria for surface water when Massachusetts Surface Water Quality Standards were 
not available.

Preliminary Remediation Goals for Ecological Endpoints , 
Efroymson et al., August 1997 

To Be 
Considered 

This technical memorandum was prepared to present recommended preliminary remediation goals (PRGs) for surface 
water, sediment and soil for ecological endpoints for risk assessments and decision making at CERCLA sites. 

FEDERAL ARARs and TBCs (cont.)

NH-4537-2019 Nobis Engineering, Inc.



Table 2-3
Summary of Action-Specific ARARs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 4

REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Underground Injection Control Regulations, 310 CMR 
27.00

Potentially 
applicable

Regulate the underground injection of hazardous wastes, fluids used for mineral, oil and energy extraction, and any 
other fluids with the potential to contaminate groundwater.

Massachusetts Surface Water Quality Standards (314 
CMR 4.00)

Potentially 
applicable

These standards designate the most sensitive uses for which the various waters of the Commonwealth shall be 
enhanced, maintained, or protected. Minimum water quality criteria required to sustain the designated uses are 
established. 

Massachusetts 257 CMR 2.00 (MGL c.21) Certification of 
Operators of Wastewater Treatment Facilities

Potentially 
applicable

Establishes the process for evaluating and certifying wastewater treatment facility operators. May be applicable for 
alternatives involving water treatment.

Massachusetts 310 CMR 3.00 Surface Water Discharge 
Permits, 314 CMR 4.00 Surface Water Quality Standards, 
314 CMR 9.00401 Water Quality Certification.  (40 CFR 
125.1-125.3)

Potentially 
applicable

Regulates discharges of pollutants to surface waters of the Commonwealth. Regulates outlets and/or treatment works 
associated with these discharges. Discharges shall not result in a violation of Massachusetts Surface Water Quality 
Standards (314 CMR 4.00) or Groundwater Quality Standards (314 CMR 6.00)

Massachusetts 310 CMR 5.00 (MGL c.21) Groundwater 
Discharge Permit Program, including 5.09 and 5.10

Potentially 
applicable

Program applies to facilities that discharge any amount of industrial wastewater and facilities that use reclaimed water 
in conjunction with discharge to the ground. 

Massachusetts 314 CMR 12.00 (MGL c.21) Operation, 
Maintenance, and Pretreatment Standards for 
Wastewater Treatment Works and Indirect Discharges

Potentially 
applicable Establishes standards for discharge into a publicly owned treatment works (POTW).

Sewer System Extension and Permit Program (314 CMR 
7.00), Operation and Maintenance and Pre-Treatment 
Standards for Wastewater Treatment Works and Indirect 
Discharges (314 CMR 12.00)

Potentially 
applicable

314 CMR 7.01 et seq. requires permits for construction of certain new sewer lines.  314 CMR 12.00 applies standards 
(from CWA 403)  for discharges to publicly owned treatment works, including standards to protect the POTW’s 
receiving waters and standards to prohibit discharges that would pass through the POTW. This is applicable for 
alternatives involving water treatment and discharge.

Massachusetts Hazardous Waste Regulations (314 CMR 
30.00/MGL c 21c), including 30.100 (identification and 
listing of hazardous waste), 30.300 (requirements for 
hazardous waste generators), and 30.680 (hazardous 
waste rules for containers)

Potentially 
applicable

Regulations address the generation, storage, collection, treatment, disposal, use, reuse, and recycling of hazardous 
waste. Hazardous waste may be generated during DNAPL and water extraction as well as water treatment.

STATE ARARs and TBCs
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REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Massachusetts Supplemental Requirements for 
Hazardous Waste Management Facilities (314 CMR 8.00)

To Be 
Considered

Water treatment units that treat, store, or dispose of hazardous wastes generated at the same site are exempt from 
M.G.L. 21C.  However, if on-site treatment is performed, activities will be conducted in a manner that protects public 
health and safety and the environment. This is applicable for alternatives involving water treatment and discharge.

Erosion and Sediment Control Guidelines for Urban and 
Suburban Areas, Massachusetts Executive Office of 
Environmental Affairs (2003)

To be 
Considered Guidance on preventing erosion and sedimentation.

Massachusetts Ambient Air Quality Standards (310 CMR 
6.00) 

To be 
Considered

These regulations set primary and secondary standards for emissions of sulfur dioxide, particulate matter, carbon 
monoxide, ozone, nitrogen dioxide, and lead.

Massachusetts Ambient Air Quality Standards (310 CMR 
6.0) and Massachusetts Air Pollution Control Regulations 
(310 CMR 7.00)

To be 
Considered

These regulations set emission limits necessary to attain ambient air quality standards, including standards for Visible 
Emissions (310 CMR 7.06); Dust, Odor, Construction and Demolition (310 CMR 7.09); Noise (310 CMR 7.10); and 
Volatile Organic Compounds (310 CMR 7.18).

Division of Air Quality Control  (DAQC) Policy 90-001, 
Noise Regulation, February 1990

To Be 
Considered

Establishes guideline where sources of new noise should not emit more than 10 decibels above the existing 
(background) level at the property boundary or closest residence.

Monitoring Well Guidance (WSC-310-91) To Be 
Considered Guidance on locating, drilling, installing, sampling, and decommissioning monitoring wells.

STATE ARARs and TBCs (cont.)
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VISL 
(standard)

VISL 
(site specific) Proposed PRG

35.9 150 Site-Specific VISL

2,660 9,990 Site-Specific VISL

259 975 Site-Specific VISL

138 428 Site-Specific VISL

410 1400 Site-Specific VISL

-- -- --

7,150 30,200 Site-Specific VISL

5.18 16 Site-Specific VISL

14.7 38 Site-Specific VISL

1,2,4-Trichlorobenzene

3. PRGs shown are in  micrograms per liter (µg/L)

Analyte

1,2-Dichlorobenzene

1,4-Dichlorobenzene

Benzene

Notes:

Chlorobenzene

cis-1,2-Dichloroethene

Trichloroethene

Vinyl chloride

1. Standard VISL = May 2018 Vapor Intrusion Screening Level target groundwater concentration 
(target risk = 1x10-4 or hazard quotient = 1, default groundwater temperature)

2. Site specific VISL = May 2018 Vapor Intrusion Screening Level target groundwater 
concentration (target risk = 1x10-4 or hazard quotient = 1, 15°C groundwater temperature; modified 
geologic attenuation factor of 0.0005)

Nitrobenzene
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Estimated Areas and Volumes of Impacted Groundwater

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Area 
(m2)

Zone Height 
(ft)

Zone Height 
(m)

Pore Space6 

(%)

Total Pore 
Volume 

(m3)

Selected Pore 
Volume 

(m3)

TCE Conc.1 

(mg/L)
VOC Conc.1 

(mg/L)
VOC + SVOC Conc.1 

(mg/L)
Well For Conc. 

Calc.
TCE Mass 

(kg)
VOC Mass 

(kg)

VOC + SVOC 
Mass 
(kg)

3,000 25 7.6 30% 6,858 6,858 1.95 5.82 5.86 MW-115B 13.4 39.9 40.2

76,500 30 9.1 30% 209,855 202,997 0.17 1.36 1.36 MW-201 34.5 276 276

173,100 40 12.2 30% 633,131 416,418 0.09 0.56 0.60 MW-304B 37.5 233 248

85 549 564

26 165 169

111 1,263 1,298

564 564 55,485 584,442 634,000 MW-113A 31,294 329,625 357,576

3,129 32,963 35,758

34,423 364,016 394,801

1,400 55 16.8 1.13% 265 265 11.00 11.60 16.00 MW-503B 2.92 3.08 4.24

22,600 70 21.3 1.13% 5,449 5,184 7.20 7.90 9.60 MW-402 37.32 41.0 49.8

48,500 80 24.4 1.13% 13,364 7,915 0.34 2.35 2.38 MW-104A 2.69 18.6 18.8

4,200 40 12.2 1.13% 579 579 2.20 6.73 6.80 MW-115A 1.27 3.89 3.93

65,000 30 9.1 1.13% 6,716 6,138 0.17 11.29 11.32 MW-203A 1.04 69.3 69.5

297,400 60 18.3 1.13% 61,459 35,086 0.02 0.19 0.19 MW-110 0.56 6.67 6.77

46 142 153

458 1,425 1,530

504 1,647 1,763

35,038 366,926 397,862

7. Potential DNAPL area northeast of landfill based on TCE concentrations above 10 mg/L (Figure 1-6); thickness based on estimated thickness of same zone at MW-402 on Figure 6-1b (Nobis, 2016). Concentration based on most recent concentrations (2015).

Area Description

Downgradient plume core >0.1 mg/L TCE

Bedrock Groundwater

Downgradient plume hotspot >1 mg/L TCE

Entire plume >0.005 mg/L TCE exclusive of hotspots

Overburden Groundwater

Overburden/Bedrock Interface Groundwater

DNAPL - Nyacol/WAC area (ICF estimate)3,4

Overburden Groundwater Total

Overburden Sorbed Mass2

3. DNAPL estimate based on volume described in Section 2.9 of ICF, 2006,  minus 2 cubic meters product removed with current DNAPL treatment system.

Entire plume >0.005 mg/L TCE exclusive of hotspots

SITE TOTAL

Notes:

Downgradient plume core >0.1 mg/L TCE

OVERBURDEN TOTAL

Bedrock Groundwater Total

Source area plume core >0.1 mg/L TCE9

Impacted area northeast of landfill >10 mg/L TCE7

Nyacol/WAC impacted area >1 mg/L TCE8

Downgradient plume hotspots

See ICF, 2006

10. Bedrock sorbed mass assumed to be approximately 10x that of pore (fracture) volume based on similar fracture/matrix ratio at Eastland Woolen Mill site (similar geology, contaminants, history), Nobis, 2005, Table 5-1

Overburden/Bedrock Sorbed Mass5

5. Sorbed mass in overburden and weathered bedrock zone assumed to be 10% of total DNAPL mass in pore space. Revised estimate to be determined after PDI sampling.

OVERBURDEN/BEDROCK INTERFACE TOTAL

BEDROCK TOTAL

Bedrock Sorbed Mass10

1. Groundwater concentration and mass based on sum of detected 2017 VOC concentrations and 2015 SVOC concentrations unless otherwise noted

4. DNAPL concentration based on fall 2015 DNAPL concentrations (mg/kg) at MW-113A x density of 1.233 kg/L from ICF, 2006 Table 2-3.

6. Site bedrock porosity estimated in ICF, 2006, Section 2.6.

8. Nyacol/WAC impacted area > 1 mg/L  thickness assumed to be average thickness shown on Figure 6-1b (Nobis, 2016).

2. Overburden sorbed mass assumed to be 30% of total DNAPL mass in pore space. Revised estimate to be determined after PDI soil sampling.

9. Source area plume core > 0.1 mg/L  thickness assumed to be average thickness shown on Figure 6-1b (Nobis, 2016).
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RAOs, GRAs, Technology Types, and Process Options

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Remedial Option Objectives Environmental 
Media General Response Action Remedial Technology Type Process Option

No Action No Action Not applicable

Long-term Monitoring Groundwater Monitoring

Physical processes: advection, dispersion, diffusion, dissolution

Chemical processes: hydrolysis, reductive dechlorination

Biological processes: aerobic and anaerobic degradation

Institutional Controls Deed Restrictions, Land Use Restrictions, Town Ordinances

Vertical Barriers Slurry Wall, sheet-pile wall, grout curtain

Fracture Sealing Jet Grouting

Collection / Extraction Extraction Wells, extraction trench

Physical Treatment Equalization, dewatering, sedimentation, oil-water separation, filtration, reverse osmosis, air stripping carbon adsorption, 
ditillation, irrigation/evaporation

Chemical Treatment Ion Exchange, enhanced oxidation, chemical reduction, pH adjustment, flocculation/precipitation

Biological Treatment Aerobic/anaerobic degradation / bioreactor

Discharge Beneficial re-use / surface discharge, direct discharge to sufacewater, subsurface injection, off-site treatment/POTW

Physical Treatment Air-sparge wells/barrier with vapor extraction, multi-phase extraction wells

Thermal Treatment Steam, conductive or electrical resistance, or radio frequency heating and vapor recovery, vitrification

Chemical Treatment Permeable reactive barrier, liquid activated carbon, chemical oxidation/reduction, nano-particle zero valent iron

Biological Treatment Enhanced Biodegradation-aerobic, anaerobic, microbial electro-remediation

No Action No Action Not applicable

Long-term Monitoring Groundwater Monitoring

Physical processes: advection, dispersion, diffusion, dissolution

Chemical processes: hydrolysis, reductive dechlorination

Biological processes: aerobic and anaerobic degradation

Institutional Controls Deed Restrictions, Land Use Restrictions, Town Ordinances

Vertical Barriers Slurry Wall, sheet-pile wall, grout curtain

Fracture Sealing Jet Grouting

Collection / Extraction Extraction Wells, extraction trench

Physical Treatment Equalization, dewatering, sedimentation, oil-water separation, filtration, reverse osmosis, air stripping carbon adsorption, 
ditillation, irrigation/evaporation

Chemical Treatment Ion Exchange, enhanced oxidation, chemical reduction, pH adjustment, flocculation/precipitation

Biological Treatment Aerobic/anaerobic degradation / bioreactor

Discharge Beneficial re-use / surface discharge, direct discharge to sufacewater, subsurface injection, off-site treatment/POTW

Physical Treatment Air-sparge wells/barrier with vapor extraction, multi-phase extraction wells

Thermal Treatment Steam, conductive or electrical resistance, or radio frequency heating and vapor recovery, vitrification

Chemical Treatment Permeable reactive barrier, liquid activated carbon, chemical oxidation/reduction, nano-particle zero valent iron

Biological Treatment Enhanced Biodegradation-aerobic, anaerobic, microbial electro-remediation

MIGRATION PREVENTION:

Reduce migration of groundwater contaminants from areas 
with sorbed, residual, and free product DNAPL

PROTECTION OF HUMAN HEALTH:

Vapor Intrusion
Prevent direct human exposure by occupants of residential 

and commercial buildings through inhalation to COCs in 
groundwater that can volatilize into soil gas and migrate into 

indoor air by vapor intrusion.

Containment 

Limited Action 

Collection, Treatment and 
Discharge

In Situ Treatment

Downgradient Plume 
AOC

Limited Action Monitored Natural Attenuation

Containment 

Collection, Treatment and 
Discharge

Monitored Natural Attenuation

Nyanza/WAC AOC

In Situ Treatment
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Nyanza Chemical Waste Dump Superfund Site
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General 
Response 

Action

Remedial 
Technology 

Type
Process Option Process Option Description Effectiveness Implementability Relative Cost

Retained for 
Further 

Consideration
Screening Comments

No Action No Action Not applicable No active source remediation conducted.  No monitoring conducted. Low effectiveness. Will not achieve RAOs. Easily implemented.  

Capital Costs: 
None

O&M Costs: 
None

Retained Baseline, as required by the 
NCP.  Retained.

Long-term 
monitoring

Groundwater 
Monitoring

No active remedial processes will be taken to address the contamination. 
Monitoring will be performed to assess natural attenuation.

Low effectiveness. Provides data to determine if natural attenuation is 
effective.  COCs not expected to degrade naturally over an acceptable 
remedial timeframe given the concentrations in the plume core.

Can be readily implemented.  Qualified contractors are 
numerous.  Stakeholder approval of the monitoring 
program is required. 

Capital Costs: 
None

O&M Costs: Low
Retained May be included as an element 

of a treatment alternative.  

Monitored 
Natural 

Attenuation

Physical, 
Chemical, and 

Biological 
Processes

Physical processes include advection, dispersion, diffusion, and 
dissolution. Chemical processes include hydrolysis and abiotic reductive 
dechlorination. 

A combination of these processes may occur during natural attenuation 
to decrease contaminant concentrations in downgradient groundwater.

Low effectiveness for decreasing DNAPL mass or contaminant 
concentrations in groundwater near continuing contaminant sources. 
Chemical processes adn biodegradation not effective for direct treatment of 
DNAPL; contaminants must be in aqueous phase to be amenable to 
chemical/biological degradation. Some decrase in source contaminant mass 
could be achieved, but only over a very long timeframe.

Easily implemented.  

Capital Costs: 
None

O&M Costs: 
None

Retained
Can be effective after DNAPL 
removal, but will require 
extended period of time.

Institutional 
Controls

Deed 
Restrictions, 

Land Use 
Restrictions, 

Town 
Ordinances

Institutional controls can include deed restrictions, land use restrictions, 
or Town ordinances that prevent certain activities within a designated 
area or on designated properties.  May be used to prevent installation of 
groundwater wells or require treatment of any groundwater recovered, or 
to prevent contact with impacted media.

Medium effectiveness. Frequently a component of a remedial alternative.  
Effective at minimizing risks to human health.   Effective only if implemented, 
monitored, and enforced.

Administrative implementation is possible, but will require 
coordination between Local, State and Federal officials, 
and property owners.  Must be monitored and enforced 
after implementation.

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element 

of a treatment alternative.  

Slurry Wall
A trench is excavated along the perimeter (or a portion) of the source 
(DNAPL) area and is filled with a low-permeability slurry to prevent 
migration of contaminated groundwater.

Low effectiveness. Irregular bedrock surface at the source area may prevent 
proper key-in of slurry wall.  In addition, the highest concentrations of CVOCs 
are in bedrock. and bedrock fractures may carry significant contamination 
beneath slurry walls.  

Slurry walls have been installed on large-scale sites. 
However, a large portion of the contamination is in 
shallow bedrock, and trenching would be extremely 
difficult. Trenching also may allow fractures to propagate, 
potentially spreading contamination.  A number of 
companies can provide this service.

Capital Costs: 
High

O&M Costs: Low
Eliminated

Potentially limited effectiveness 
due to irregular bedrock surface. 
May be used to isolate source 
areas. Extremely difficult to key 
into bedrock, and would not 
address the highest CVOC 
concentrations.

Sheet-pile wall

Vertical steel sheet piles are driven into the subsurface (usually to 
bedrock or an aquitard such as clay or till) to prevent migration of 
contaminated groundwater from the source (DNAPL) area.  Individual 
sheets interlock, and the joints are filled with grout or similar low-
permeability material to create an low-permeability barrier.  

Not effective for source area contamination. The highest concentrations of 
CVOCs are in bedrock, and sheet pile walls cannot be installed below the 
bedrock surface.  

Readily implementable using standard pile installation 
and construction techniques, although difficult to 
implement in areas with extensive subsurface utilities.  A 
number of companies can provide this service. 

Capital Costs: 
High

O&M Costs: Low
Eliminated

Extremely difficult to key into 
bedrock, and would not address 
the highest CVOC 
concentrations (in bedrock)

Vertical 
Barriers Grout Curtain

Grout is injected into soil pore spaces to prevent groundwater from 
migrating through the pores away from the source (DNAPL) area.  The 
injection locations are set such that the resulting grout injections provide 
a barrier to continued groundwater migration.

May be used for both soil and bedrock. Effectiveness depends on bedrock 
characterization. May not be effective if extremely large fractures or fracture 
zones pass through the target area.

Can be implemented in areas with extensive subsurface 
utilities.  Uses common drilling, grout injection and 
construction techniques.  A number of companies can 
provide this service.

Capital Costs: 
Medium

O&M Costs: Low
Eliminated

Difficult to key into bedrock, and 
would be extremely expensive 
and difficult to effectively seal 
bedrock

Fracture 
Sealing Jet Grouting Grout is injected into identified bedrock fractures to reduce fracture 

volume and limit migration away from source zones.

Effectiveness depends on bedrock characterization and identification of 
contaminant-bearing fractures. Only effective in bedrock that is competent 
and has relatively few fractures. May not be effective for extremely large 
fractures or fracture zones.

Relatively easy to implement if fractures are identified. 
Can be implemented in areas with extensive subsurface 
utilities.

Capital Costs: 
Medium

O&M Costs: Low
Retained May be used with other source 

control methods.

Limited Action 

Containment Vertical 
Barriers 

Containment
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Table 2-7
Potential Treatment Option Screening - Nyacol/WAC Area of Concern

Nyanza Chemical Waste Dump Superfund Site
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Page 2 of 8

General 
Response 

Action

Remedial 
Technology 

Type
Process Option Process Option Description Effectiveness Implementability Relative Cost

Retained for 
Further 

Consideration
Screening Comments

Extraction Wells
Extraction wells are installed to capture groundwater or product to 
prevent or minimize contaminant migration.  This technology is typically 
associated with an ex-situ treatment system.

Medium effectiveness. Has been shown to be successful at capturing 
contaminated groundwater in bedrock.  May be scaled to accommodate a 
variety of areas/volumes.  Extraction alone is unlikely to reduce 
concentrations in source zone to PRGs due to matrix back-diffusion, but may 
help to diminish downgradient groundwater plume.

Readily available using conventional drilling techniques.  
Treatment system required to treat recovered 
groundwater prior to discharge. Numerous companies 
available to design and construct extraction and 
treatment systems.  

Capital Costs: 
Medium

O&M Costs: 
Medium-High

Retained

Medium effectiveness, readily 
implementable. May be more 
effective if combined with 
containment technology to limit 
extraction to most-contaminated 
areas.

Extraction 
Trench

A trench and recovery system can be installed to capture contaminated 
groundwater for treatment. This technology is typically associated with an 
ex-situ treatment system.

Low effectiveness for bedrock and moderately effective for overburden 
groundwater. Effective for containing overburden contaminant migration and 
collecting groundwater for treatment. 

Trenching would be extremely difficult in bedrock 
(primary source of contamination). Treatment system 
required for recovered groundwater prior to discharge.  
Difficult to implement in areas with extensive subsurface 
utilities.  

Capital Costs: 
Medium

O&M Costs: 
Medium-High

Eliminated

Extremely difficult to key into 
bedrock, and would not address 
the highest CVOC 
concentrations (in bedrock)

Equalization

Groundwater extraction flow dampening and/or contaminant 
concentration variation in a vessel to promote constant discharge rate 
and water quality.  Generally this technology is a pretreatment process 
incorporated into a treatment train.

Medium effectiveness. Component of a ex-situ treatment train.  Effective for 
normalizing contaminant concentrations volumes and flows.  Minimal impact 
on human health and the environment during construction/implementation.  
Scalable with anticipated volumes.

Easily implemented.  Qualified contractors are numerous. 
Capital Costs: 

Low
O&M Costs: Low

Retained May be included as an element 
of a treatment alternative.  

Dewatering
Mechanical removal of free water from treatment residuals reducing the 
residuals volume and mass.  Generally this technology is post-treatment 
process incorporated into a treatment train.

Medium effectiveness. Component of a treatment train.  Very effective at 
reducing the mass of solid residuals (sludge, etc.) associated with ex-situ 
groundwater treatment.  Scalable with anticipated volumes.

Easily implemented.  Materials and equipment are readily 
available.  TSDF available for waste material deposition.

Capital Costs: 
Medium

O&M Costs: 
Medium

Retained May be included as an element 
of a treatment alternative.  

Sedimentation
Gravity separation of suspended solids in a vessel.  Generally this 
technology is a pretreatment process that is incorporated into a 
treatment train.

Medium effectiveness. Component of a treatment train.  Effective in 
conjunction with flocculation and coagulation to remove suspended solids  
from an aqueous waste stream.  Scalable with anticipated volumes.

Easily implemented.  Materials and equipment are readily 
available.  TSDF available for waste material deposition.

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element 

of a treatment alternative.  

Physical 
Treatment

Collection, 
Treatment, 

and 
Discharge

Collection, 
Treatment 

and 
Discharge

Collection / 
Extraction
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General 
Response 

Action

Remedial 
Technology 

Type
Process Option Process Option Description Effectiveness Implementability Relative Cost

Retained for 
Further 

Consideration
Screening Comments

Oil/Water 
Separation

Separation of immiscible liquids from water using forces of gravity.  
Generally this technology is incorporated as part of a treatment train.

High effectiveness. Component of a treatment train.  This process option 
does not treat dissolved contaminants, but is effective at removing non-
aqueous phase liquids, notably petroleum-based contaminants.  Scalable 
with anticipated volumes.

Easily implemented.  Materials and equipment are readily 
available.  TSDF available for waste material deposition.

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element 

of a treatment alternative.  

Filtration
Separation of particles from water using entrapment technologies.  
Typically this is a pre-treatment technology implemented as part of a 
treatment train.

High effectiveness. Often a critical component of a treatment train.  Very 
effective at capturing suspended solids in an aqueous waste stream.  
Scalable with anticipated volumes.

Easily implemented.  Materials and equipment are readily 
available.  TSDF available for waste material deposition.

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element 

of a treatment alternative.  

Reverse 
Osmosis

Use of high pressure and membranes to separate dissolved materials 
from water.

Low overall effectiveness. This method has been shown to be effective at 
treating Site COCs, but is highly susceptible to fouling.  Anticipated 
maintenance requirements could limit its effectiveness.  Scalable, but 
generally most successful with small volumes.

Implementable.  Offered by numerous specialty 
contractors.

Capital Costs: 
Medium

O&M Costs: High
Eliminated

Efficiency and effectiveness are 
low compared to other treatment 
methods.  

Air Stripping

Extracted groundwater is sprayed on packing within columns or 
discharged to shallow stacked trays.  A counter current of air passes 
through the water and desorbs contaminants into the vapor phase, which 
are then captured and treated.

Medium effectiveness. Method is effective for primary VOCs (chlorobenzenes 
and chloroethenes) but less effective for nitrobenzene. May have issues with 
fouling.

Components of the system are easily obtainable and 
constructible.  Rigorous pre-treatment and ongoing 
maintenance may be required to keep the system 
operational.  

Capital Costs: 
Low

O&M Costs:  
Medium

Retained May be included as an element 
of a treatment alternative.  

Carbon 
Adsorption

Extracted groundwater is pumped through granular activated carbon 
causing dissolved contaminants to adsorb onto the carbon.  This can 
also be applied to a contaminated airstream 

Medium effectiveness. Well-demonstrated technology for treating Site COCs. 
Scalable with anticipated treatment volumes.  Limited effectiveness at 
treating vinyl chloride.  

Easily implemented.  Materials and equipment are readily 
available.  TSDF available for waste material deposition.

Capital Costs: 
Low

O&M Costs:  
Medium/High

Retained May be included as an element a 
treatment alternative.  

Distillation Vaporization and subsequent condensation of extracted groundwater. Low effectiveness. This process option is not effective at treating waste 
streams containing dilute mixtures of contaminants.

Readily implementable.  Materials required are easily 
obtained. 

Capital Costs: 
Medium

O&M Costs:  
Medium/High

Eliminated

This process option is not 
effective on the Site 
contaminants.  

Irrigation / 
Evaporation

Combined treatment and discharge technology that sprays extracted 
groundwater onto the ground surface to enhance vaporization of 
contaminants into the atmosphere.

Low effectiveness.  Not effective during cold months.

It is not likely that this treatment technique would be a 
viable process at the Site, which is almost entirely paved. 
A large expanse of land will be required to manage the 
waste stream.  

Capital Costs: 
Low

O&M Costs: Low
Eliminated This process option is not 

implementable.  

Physical 
Treatment

Collection, 
Treatment, 

and 
Discharge
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Remedial 
Technology 
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Process Option Process Option Description Effectiveness Implementability Relative Cost
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Further 
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Screening Comments

Ion Exchange

Ions are removed from the aqueous phase by the exchange of cations or 
anions between the contaminants and the exchange medium. Ion 
exchange materials may consist of resins made from synthetic organic 
materials that contain ionic functional groups to which exchangeable ions 
are attached.

Low effectiveness. Component of a treatment train.  Effective at reducing the 
inorganic contents in a waste stream prior to additional treatment but does 
not address the primary contaminants at the Site.  Scalable with anticipated 
volumes.

Materials are available from a variety of vendors.  TSDFs 
available.  

Capital Costs: 
Medium

O&M Costs:  
Medium

Eliminated This process option is not 
effective for Site COCs.

Enhanced 
Oxidation

Extracted groundwater is pretreated to decrease turbidity, mixed with a 
strong oxidizer (such as hydrogen peroxide or ozone), may include 
exposure to UV light.  UV light with oxidizers form free radicals that 
destroy  the organic contaminants.  

High effectiveness. Effective at oxidizing Site COCs.  Scalable with 
anticipated volumes. 

This process option is available through several specialty 
contractors. May require arrangements with local 
electrical utilities to supply a significant amount of 
electricity.

Capital Costs: 
Medium

O&M Costs:  
Medium/High

Retained May be included as an element 
of a treatment alternative.  

Chemical 
Reduction

Reducing agents are added or the water is passed through a filter with 
reducing agents. The most common reducing agent is zero-valent iron 
(ZVI); others include polysulfides, sodium dithionite, ferrous iron, and 
bimetallic materials.

High effectiveness. Effective at reducing Site COCs.  Scalable with 
anticipated volumes. 

This process option is available through several specialty 
contractors. May require arrangements with local 
electrical utilities to supply a significant amount of 
electricity.

Capital Costs: 
Medium

O&M Costs:  
Medium/High

Retained May be included as an element 
of a treatment alternative.  

pH Adjustment
Addition of acid or caustic material to recovered groundwater and reduce 
the solubility of dissolved metals and facilitate their removal. Generally 
this technology is incorporated as part of a treatment train.

Medium effectiveness. Component of a treatment train.  Adjustment of pH 
has been show to be effective at minimizing inorganics in a waste stream. 
Scalable with anticipated volume.

This process option is easily implemented using typical 
installation techniques.  Replacement reagents are easily 
obtained through a variety of chemical vendors.  

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element 

of a treatment alternative.  

Flocculation / 
Precipitation

Amendments are added to the extracted groundwater to neutralize 
surface charges and promote agglomeration of colloidal particles to 
enhance settling.

Medium effectiveness. Component of a treatment train.  Can be effective at 
reducing suspended solids in a waste stream.  Scalable with anticipated 
volume.  Given relatively low turbidity in groundwater and bedrock target 
source area, this treatment step is not likely to be required.

This process option is easily implemented using typical 
installation techniques.  Replacement reagents are easily 
obtained through a variety of chemical vendors.  

Capital Costs: 
Low

O&M Costs:  Low
Eliminated This process option is not 

effective for Site COCs.

Chemical 
Treatment

Collection, 
Treatment, 

and 
Discharge
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Aerobic 
Degradation / 

Bioreactor

Groundwater is stored in a vessel or pond for treatment.  Suspended 
growth or attached film using aerobic microbes degrade organic matter 
and chemicals.

Low effectiveness for TCE and 1,2-DCE, medium effectiveness for 
dichlorobenzenes. Process not commonly used at environmental cleanups.  
Requires large treatment reactors and lengthy treatment times.

Implementable using typical construction technologies.  
Typically requires a moderate to high degree of 
maintenance.

Capital Costs: 
Medium

O&M Costs:  
Medium

Eliminated Ineffective for many COCs.

Anaerobic 
biodegradation 

Groundwater is stored in a vessel.  Suspended growth or attached film 
using anaerobic microbes degrade organic matter and chemicals.

Low effectiveness (higher for TCE and 1,2-DCE). Would require a large 
treatment reactor volume.  Anaerobic treatment systems can be prone to 
upsets resulting in reduced treatment efficiency and erratic operation. 
Anticipate an extended treatment time.

Implementable using typical construction technologies.  
Typically requires a moderate to high degree of 
maintenance.

Capital Costs: 
Medium

O&M Costs:  
Medium

Eliminated Ineffective for many COCs.

Beneficial re-use 
/ Surface 
Discharge

If treated water is of sufficient quality it may be used as an irrigation 
source.

Medium effectiveness. Water may be discharged to nearby wetlands. 
Scalable with anticipated treatment volumes, but large areas are required.

Treatment standards are very low and may not be cost 
effective to achieve.  Components available; easily built 
using typical construction methods.  Reuse may include 
landscaping use and manufacturing. Limited space 
available on site for large treatment vessels.

Capital Costs: 
Medium

O&M Costs:  Low
Eliminated

Insufficient re-use needs 
(minimal area/sources to receive 
water) relative to costs/treatment 
requirements.

Direct Discharge 
to Surface Water

Treated water is discharged to the Sudbury River, eastern wetland, or 
other suitable receiving water.

High effectiveness. Has been used successfully at numerous sites.  
Discharge limitations are protective of human health and the environment.  
Scalable with anticipated volumes, but not easily modified once installed.

Implementable using widely-available construction 
methods. 

Capital Costs: 
Medium

O&M Costs:  Low
Retained May be included as an element 

of a treatment alternative.  

Subsurface 
Discharge Treated water is injected below ground through a reinjection gallery.

Low effectiveness. Has been used successfully at other sites, but insufficient 
infiltration capacity would limit the effectiveness of this discharge method at 
this site.  Contamination below the water table may be mobilized if mounding 
is not properly managed.  

Discharge standards are very low.  Difficult to implement 
due to requirement to dispose of large quantities of water 
into urbanized area. Easily-obtainable components, and 
easily constructible using typical construction methods.  

Capital Costs: 
Medium

O&M Costs:  
Medium

Retained
May be included as an element 
of a treatment alternative to 
control groundwater flow.  

Off-Site 
Treatment 

POTW
Pre-treated water is discharged to a publicly-owned treatment system.

High effectiveness. This method has been used successfully at numerous 
other sites.  Scalable with anticipated volume.  Very difficult to modify once 
installed.

Discharge must meet MassDEP sanitary sewer discharge 
standards  Town sewer is available near the Site.

Capital Costs: 
Low

O&M Costs:  Low
Retained May be included as an element 

of a treatment alternative.  

Discharge

Collection, 
Treatment, 

and 
Discharge

Biological 
Treatment
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Remedial 
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Process Option Process Option Description Effectiveness Implementability Relative Cost

Retained for 
Further 
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Screening Comments

In Situ 
Treatment

Physical 
Treatment

Air-Sparge 
Wells/Barrier 
with Vapor 
Extraction

Wells are installed to pump air into the aquifer to volatilize VOC from 
groundwater.  Air and VOCs are extracted through the vadose zone by 
an SVE system.  The vapors are then directed to a treatment system 
such as vapor phase carbon adsorption.

Moderate effectiveness in overburden, low effectiveness in bedrock.. Can be 
effective at treating COCs in a saturated environment; however, technology 
requires highly permeable soils. Air bubbles in bedrock tend to coalesce in 
fractures and bypass large portions of the treatment zone. Oxidizing 
environment may mobilize metals. Some of source area is paved, increasing 
effectiveness. Scalable with increased treatment volume/area. 

Heterogeneity in soil will result in difficulties recovering 
sparge vapors. Constructed using conventional drilling 
and construction methods. Sparge/vapor extraction 
system available through many vendors.  Contaminated 
knockout water will require management. 

Capital Costs: 
Medium

O&M Costs:  
Medium

Eliminated
Not effective in bedrock (primary 
location of highest 
concentrations) 

In Situ 
Treatment

Physical 
Treatment

Multi-Phase 
extraction wells

Air is injected into a double screened well, lifting the water in the well and 
forcing it out the upper screen. Simultaneously, additional water is drawn 
in the lower screen. Once in the well,  VOCs in the contaminated 
groundwater volatilize via air bubbles. The contaminated air rises in the 
well to the water surface where vapors are drawn off and treated by an 
SVE system.

Low effectiveness in heterogeneous aquifers and bedrock. Projects have 
shown successful treatment of some Site COCs using this method; may not 
work for SVOCs such as nitrobenzene.  Scalable with anticipated volumes 
and areas.  

Constructible using conventional drilling and wells 
installation techniques.  TSDFs available for VOC 
disposal.  

Capital Costs: 
High

O&M Costs:  
Medium

Retained

Limited effectiveness in bedrock 
(primary location of highest 
concentrations); however, may 
be used as capture system with 
other methods such as in-situ 
thermal.

Steam Heating 
and Vapor 
Recovery

Forces steam into the aquifer to vaporize organic chemicals.  The 
vaporized chemicals are recovered using an SVE system and are treated 
using vapor-phase carbon and then discharged.

Low effectiveness in competent bedrock. The technology requires steam 
contact and transport, and it is more difficult to predict/control steam flow 
path  Cold groundwater entering treatment zone will cause decline in 
subsurface temperature, reducing VOCextraction.  

This process option is offered by a limited number of 
vendors.  Difficult to implement in areas with extensive 
subsurface utilities.    Specialty equipment and personnel 
are required. TSDFs are available to receive captured 
VOCs.

Capital Costs: 
High

O&M Costs: High
Eliminated

Limited effectiveness in bedrock 
compared to other in-situ thermal 
process options.

Conductive  
Heating and 

Vapor Recovery

Heating elements installed within the contaminated zones are electrified 
and slowly heat the matrix and groundwater, and volatilized VOCs and 
vapor are captured in SVE system, condensed, and treated prior to 
discharge.  

Medium effectiveness. Cannot use higher temperatures than the boiling point 
of water; may not volatilize all site contaminants, but may reduce DNAPL 
viscosity for collection.  Colder groundwater entering treatment zone would 
not affect thermal treatment and VOC desorption to same extent as steam 
heating. 

This process option is available with specialty 
subcontractors.  Difficult to implement in areas with 
extensive subsurface utilities.  Has been implemented at 
full scale at several sites. TSDFs are available to receive 
captured VOCs.

Capital Costs: 
High

O&M Costs: 
Medium

Retained

Heating would assist vapor 
recovery and hydrolysis, may 
enhance biodegradation, and 
does not require injection. Less 
effective in bedrock.

Electrical 
Resistance/ 

Radio Frequency 
Heating and 

Vapor Recovery

Electrodes installed within the contaminated zones are electrified and 
slowly heat the groundwater. Volatilized VOCs and vapor are captured in 
SVE system, condensed, and treated prior to discharge.  

Medium effectiveness. Radio frequency heating preferentially heats water 
instead of bedrock mass, and therefore requires fewer heating locations and 
lower energy costs than other thermal methods. However, it is less effective 
to treat contaminants diffused in the bedrock matrix.

This process option is available with specialty 
subcontractors.  Difficult to implement in areas with 
extensive subsurface utilities. TSDFs are available to 
receive captured VOCs.

Capital Costs: 
High

O&M Costs:  
Medium

Retained
Fewer heating locations needed 
than other thermal methods, 
relatively low cost.

Vitrification
Aquifer materials are heated to high temperatures, forming a glass, 
thereby destroying the organics.  Off-gases need to be captured, 
condensed, and treated before discharging to the ambient air.  

High effectiveness. Process option is not well demonstrated due to 
implementation problems in the past associated with recovery/control of 
extremely hot gases.  Destructive interactions with underground utilities.  

There are no current vendors that market this process 
option.  Difficult to implement in areas with extensive 
subsurface utilities. Specialty equipment and personnel 
are required.  TSDFs are available to receive captured 
VOCs.

Capital Costs: 
High

O&M Costs: High
Eliminated

Difficult to safeguard utilities and 
near-surface infrastructure from 
extremely high temperatures.

Thermal 
Treatment

In Situ 
Treatment
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Permeable 
reactive barrier

A trench is excavated and a permeable reaction wall is installed across 
the flow path of a contaminant plume, allowing the water portion of the 
plume to passively move through the wall. These barriers allow the 
passage of water while treating contaminants (see other in-situ treatment 
options)

Low effectiveness for addressing source area contamination, as it is 
designed to intercept groundwater. However, may be used directly 
downgradient of the source area to treat hotspots in the overburden.

This technology is readily available using specialty 
contractors.  Difficult to implement in areas with 
extensive subsurface utilities.  Difficult to key into 
irregular bedrock surface to prevent underflow. Extremely 
difficult to implement in bedrock.

Capital Costs: 
High

O&M Costs:  
Medium

Eliminated
Utilities and bedrock 
contamination make this process 
option infeasible.

Liquid Activated 
Carbon

Very fine particles of activated carbon are suspended in water to form a 
pumpable solution. Once in the subsurface, the material binds to the 
aquifer matrix and is available to sorb organic contaminants. 

Not effective for high concentrations of contaminants, which will overwhelm 
sorption sites. May be effective as a post-treatment polishing step to address 
back-diffusion of contaminants sorbed to matrix.

This is considered to be an innovative technology and is 
available from a specialty vendor. Difficult to successfully 
target bedrock fractures.

Capital Costs: 
High

O&M Costs: Low
Eliminated

Not effective for extremely high 
contaminant concentrations, 
such as those within the source 
zone.

Chemical 
Oxidation

Vertical or horizontal wells are installed to inject a specified chemical 
oxidant into the subsurface.  The contaminants are destroyed or 
converted to less-toxic substances through a series of oxidation 
reactions.

High effectiveness depending on oxidant (persulfate is more broadly reactive) 
May be used in bedrock; however, short-lived reagents may not address 
back-diffusion of contaminants and therefore longer-lived reagents such as 
permanganate may be used instead.

Several specialty contractors offer the product and 
injection services.  Materials are obtainable from 
suppliers. Difficult to successfully target bedrock 
fractures.  Oxidant quantities that can be stored on site 
may be limited by U.S. Dept. of Homeland Security.  

Capital Costs: 
High

O&M Costs: Low
Retained

High effectiveness in 
overburden, moderate 
effectiveness in bedrock. 
Extensive characterization 
required for success in bedrock. 

Chemical 
Reduction

Wells or injection points are installed to inject reducing substances such 
as a zero-valent iron.  Contaminants are destroyed by reduction 
reactions, which also promote natural reductive dechlorination in the 
subsurface. 

High effectiveness. Distribution of reductant difficult in bedrock.  Scalable to 
any treatment area or volume.  Enhances biological activity in the 
subsurface.  Minimally-invasive injection strategy.  Has been demonstrated at 
a number of sites.  

May corrode piping and other subsurface utilities. Several 
specialty contractors offer the reagents and injection 
services. Difficult to successfully target bedrock 
fractures. 

Capital Costs: 
High

O&M Costs: Low
Retained

High effectiveness in 
overburden, moderate 
effectiveness in bedrock. 
Extensive characterization 
required for success in bedrock. 

Nano-particle 
zero-valent iron

Wells are installed in order to inject a nano-scale slurry containing zero-
valent iron into the subsurface.  The iron in the fluid causes reductive 
dechlorination, and also enhances any natural reductive dechlorination 
processes.

High effectiveness. Few project have selected this remedy.  Has been shown 
to be successful in full-scale applications.  

Very specialized with few specialty contractors available. 
Difficult to successfully target bedrock fractures. 

Capital Costs: 
Medium

O&M Costs: Low
Retained

High effectiveness in 
overburden, moderate 
effectiveness in bedrock. 
Extensive characterization 
required for success in bedrock. 

Chemical 
Treatment

In Situ 
Treatment
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Enhanced 
Biodegradation-

Aerobic

Injections stimulate or supplement the on-going in-place aerobic natural 
attenuation processes.  Wells are drilled into the saturated zone to 
deploy biostimulants, carbon sources,  nutrients, and possibly naturally-
occurring or bio-engineered bacteria into the subsurface.

Medium effectiveness. Primary degradation conditions for chlorobenzenes 
and vinyl chloride. Could eventually achieve clean-up goals, given sufficient 
time. Not effective for groundwater at depth due to anaerobic conditions.  
Process has been demonstrated for Site contaminants.

Several specialty contractors offer the reagents and 
injection services. 

Capital Costs: 
Medium

O&M Costs: 
Medium

Retained
Retained as a polishing step 
after more aggressive source 
mitigation has been completed.

Enhanced 
Biodegradation - 
microbial electro-

remediation

Microbial electro-remediation (MET) uses a solid electrode that 
electroactive bacteria are able to use as an electron donor or acceptor. 
MET is an innovative technology

MEC has been shown to catalyze monocyclic aromatic hydrocarbons such as 
nitrobenzene, BTEX compounds, and chlorinated ethenes. Has had issues 
fully degrading down to ethene. Has not been tried for chlorinated benzenes. 
Effectiveness unknown in a field setting.

Has not been implemented commercially, and in-situ field 
test results are not yet available. Commercial vendors not 
available.

Capital Costs: 
Medium

O&M Costs:  Low
Eliminated

Technology effectiveness has 
not yet been demonstrated in a 
non-laboratory environment.

Enhanced 
Biodegradation-

Anaerobic

Injections stimulate or supplement the on-going in-place anaerobic 
natural attenuation processes.  Wells are installed to deploy 
biostimulants, carbon sources, nutrients, and possibly  naturally-
occurring or bio-engineered bacteria into the subsurface.

Medium effectiveness. Primary degradation pathway for TCE and 1,2-DCE 
(reductive dechlorination), with degradation known to stall at vinyl chloride.  
However, chlorobenzenes are more degradable under aerobic conditions.   
Could eventually achieve clean-up goals given sufficient time.  May mobilize 
some metals. 

Several specialty contractors offer the reagents and 
injection services. 

Capital Costs: 
Medium

O&M Costs: 
Medium

Retained
Retained as a polishing step 
after more aggressive source 
mitigation has been completed.

Notes:
1. The process technologies cited above will likely require some level of bench-scale testing, field-scale pilot testing, and design prior to full-scale implementation.
2. Shaded  process options have been eliminated from further consideration.

Biological 
Treatment

In Situ 
Treatment
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No Action No Action Not applicable No active source remediation conducted.  No monitoring conducted. Low effectiveness. The lack of action will not achieve RAOs. Easily implemented.  

Capital Costs: 
None

O&M Costs: 
None

Retained Baseline, as required by the NCP.  
Retained.

Long-term 
monitoring

Groundwater 
Monitoring

No active remedial processes will be taken to address the 
contamination.  Monitoring will be performed to assess natural 
attenuation.

Low effectiveness. Provides data to determine if natural attenuation is 
effective.  COCs not expected to degrade naturally over an acceptable 
remedial timeframe given the concentrations in the plume core.

Can be readily implemented.  Qualified contractors are 
numerous.  Stakeholder approval of the monitoring 
program is required. 

Capital Costs: 
None

O&M Costs: Low
Retained May be included as an element of a 

treatment alternative.  

 Natural 
Attenuation

Physical, 
Chemical, and 

Biological 
Processes

Physical processes include advection, dispersion, diffusion, and 
dissolution. Chemical processes include hydrolysis and abiotic 
reductive dechlorination. 

A combination of these processes may occur during natural 
attenuation to decrease contaminant concentrations in downgradient 
groundwater.

Medium effectiveness overall. Currently naturally on-going at the Site. 

Hydrolysis effectiveness is low for chlorobenzenes and for TCE, DCE, and 
vinyl chloride. Aerobic biodegradation effectiveness medium for DCBs and 
vinyl chloride, medium to low for TCBs, and low for TCE and DCE. 
Anaerobic biodegradation effectiveness medium for TCBs and 
chloroethenes (although degradation may stall at vinyl chloride), low for 
DCBs. 

If ongoing source of groundwater contamination is eliminated or isolate, 
natural attenuation processes could increase, assisting in achieving clean-
up goals given sufficient time.

Easily implemented.  

Capital Costs: 
None

O&M Costs: 
None

Retained Can be effective, but will require 
extended period of time.

Institutional 
Controls

Deed 
Restrictions, 

Land Use 
Restrictions, 

Town 
Ordinances

Institutional controls can include deed restrictions, land use 
restrictions, or Town ordinances that prevent certain activities within a 
designated area or designated properties.  May be used to prevent 
installation of groundwater wells or require treatment of any 
groundwater recovered, or to prevent contact with impacted media.

Medium effectiveness. Frequently a component of a remedial alternative.  
Effective at minimizing risks to human health.  Control areas are scalable 
with contaminated areas/volumes.  Effective only if implemented, 
monitored, and enforced.

Administrative implementation is possible, but will 
require coordination between Local, State and Federal 
officials, and property owners.  Must be monitored and 
enforced after implementation.

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element of a 

treatment alternative.  

Limited Action 

NH-4537-2019 Nobis Engineering, Inc.
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Slurry Wall
A trench is excavated along the perimeter (or a portion) of the 
contaminated groundwater plume and is filled with a low-permeability 
slurry to prevent migration of contaminated groundwater.

Low effectiveness. Irregular bedrock surface at the source area may 
prevent proper key-in of slurry wall.  In addition, the highest 
concentrations of CVOCs are in bedrock. and bedrock fractures may carry 
significant contamination beneath slurry walls.  

Slurry walls have been installed on multiple large-scale 
sites. However, a large portion of the contamination is 
in shallow bedrock, and trenching would be extremely 
difficult. Trenching also has the potential to allow 
fractures to propagate, potentially spreading 
contamination.  A number of companies can provide 
this service.

Capital Costs: 
High

O&M Costs: Low
Eliminated

Potentially limited effectiveness due to 
irregular bedrock surface. May be used 
to isolate source areas. Extremely 
difficult to key into bedrock, and would 
not address the highest CVOC 
concentrations.

Sheet-pile wall

Vertical steel sheet piles are driven into the subsurface (usually to 
bedrock or an aquitard such as clay or till) to prevent migration of 
contaminated groundwater.  Individual sheets interlock, and the joints 
are filled with grout or similar low-permeability material to create an low-
permeability barrier.  

Low effectiveness. Irregular bedrock surface may prevent proper key-in of 
slurry wall. Presence of utilities throughout plume would make prevent 
effectiveness in shallow overburden (primary area of vapor intrusion 
impacts)

Readily implementable using standard pile installation 
and construction techniques, although difficult to 
implement in areas with extensive subsurface utilities.  
A number of companies can provide this service. 

Capital Costs: 
High

O&M Costs: Low
Eliminated

Extremely difficult to key into bedrock, 
and would not address the highest 
CVOC concentrations (in bedrock)

Grout Curtain

Grout is injected into soil pore spaces to prevent groundwater from 
migrating through the pores.  The injection locations are set such that 
the resulting grout injections provide a barrier to continued 
groundwater migration.

May be used for both soil and bedrock. Effectiveness depends on bedrock 
characterization. May not be effective if extremely large fractures or 
fracture zones pass through the target area.

Can be implemented in areas with extensive 
subsurface utilities.  Uses common drilling, grout 
injection and construction techniques.  A number of 
companies can provide this service.

Capital Costs: 
Medium

O&M Costs: Low
Eliminated Not feasible for downgradient plume 

due to large plume size.

Fracture 
Sealing Jet Grouting Grout is injected into identified bedrock fractures to reduce fracture 

volume and limit migration away from source zones.

Effectiveness depends on bedrock characterization and identification of 
contaminant-bearing fractures. Not effective for contamination migrating 
from overburden or weathered bedrock sources.

Relatively easy to implement if fractures are identified. 
Can be implemented in areas with extensive 
subsurface utilities. Most appropriate for small areas 
and not the large downgradient plume.

Capital Costs: 
Medium

O&M Costs: Low
Eliminated

Not feasible for downgradient plume 
due to extremely large area of potential 
fractures.

Vertical 
Barriers 

Containment 
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Extraction Wells
Extraction wells are installed to capture groundwater or product to 
prevent or minimize contaminant migration.  This technology is 
typically associated with an ex-situ treatment system.

Medium effectiveness. Has been shown to be successful at capturing 
contaminated groundwater in bedrock.  May be scaled to accommodate a 
variety of areas/volumes.  Extraction alone is unlikely to reduce 
concentrations in source zone to PRGs due to matrix back-diffusion, but 
may help to diminish downgradient groundwater plume.

Readily available using conventional drilling 
techniques.  Treatment system required to treat 
recovered groundwater prior to discharge. Numerous 
companies available to design and construct extraction 
and treatment systems.  

Capital Costs: 
Medium

O&M Costs: 
Medium-High

Retained
Medium effectiveness. May be used to 
cut off plume upgradient of sensitive 
receptors.

Extraction 
Trench

A trench and recovery system can be installed to capture 
contaminated groundwater for ex-situ treatment. This technology is 
typically associated with an ex-situ treatment system.

Low effectiveness for bedrock and moderately effective for overburden 
groundwater. Effective for containing overburden contaminant migration 
and collecting groundwater for treatment. 

Trenching would be extremely difficult in bedrock 
(primary source of contamination). Treatment system 
required for recovered groundwater prior to discharge.  
Difficult to implement in areas with extensive 
subsurface utilities.  

Capital Costs: 
Medium

O&M Costs: 
Medium-High

Retained

Medium effectiveness. May be used to 
cut off plume upgradient of sensitive 
receptors or as part of a groundwater 
extraction system.

Equalization

Groundwater extraction flow dampening and/or contaminant 
concentration variation in a vessel to promote constant discharge rate 
and water quality.  Generally this technology is a pretreatment process 
incorporated into a treatment train.

Medium effectiveness. Component of a ex-situ treatment train.  Effective 
method for normalizing contaminant concentrations volumes and flows.  
Minimal impact on human health and the environment during 
construction/implementation.  Scalable with anticipated volumes.

Easily implemented.  Qualified contractors are 
numerous. 

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element of a 

treatment alternative.  

Dewatering
Mechanical removal of free water from treatment residuals reducing 
the residuals volume and mass.  Generally this technology is post-
treatment process incorporated into a treatment train.

Medium effectiveness. Component of a treatment train.  Very effective at 
reducing the mass of solid residuals (sludge, etc.) associated with ex-situ 
groundwater treatment.  Scalable with anticipated volumes.

Easily implemented.  Materials and equipment are 
readily available.  TSDF available for waste material 
deposition.

Capital Costs: 
Medium

O&M Costs: 
Medium

Retained May be included as an element of a 
treatment alternative.  

Sedimentation
Gravity separation of suspended solids in a vessel.  Generally this 
technology is a pretreatment process that is incorporated into a 
treatment train.

Medium effectiveness. Component of a treatment train.  Effective in 
conjunction with flocculation and coagulation to remove suspended solids  
from an aqueous waste stream.  Scalable with anticipated volumes.

Easily implemented.  Materials and equipment are 
readily available.  TSDF available for waste material 
deposition.

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element of a 

treatment alternative.  

Oil/Water 
Separation

Separation of immiscible liquids from water using forces of gravity.  
Generally this technology is incorporated as part of a treatment train.

High effectiveness. Component of a treatment train.  This process option 
does not treat dissolved contaminants, but is effective at removing non-
aqueous phase liquids, notably petroleum-based contaminants.  Scalable 
with anticipated volumes.

Easily implemented.  Materials and equipment are 
readily available.  TSDF available for waste material 
deposition.

Capital Costs: 
Low

O&M Costs: Low
Eliminated Not expected to be needed for plume 

AOC (no DNAPL anticipated)

Collection / 
Extraction

Collection, 
Treatment and 

Discharge

Physical 
Treatment
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Filtration
Separation of particles from water using entrapment technologies.  
Typically this is a pre-treatment technology implemented as part of a 
treatment train.

High effectiveness. Often a critical component of a treatment train.  Very 
effective at capturing suspended solids in an aqueous waste stream.  
Scalable with anticipated volumes.

Easily implemented.  Materials and equipment are 
readily available.  TSDF available for waste material 
deposition.

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element of a 

treatment alternative.  

Reverse 
Osmosis

Use of high pressure and membranes to separate dissolved materials 
from water.

Low overall effectiveness. This method has been shown to be effective at 
treating Site COCs, but is highly susceptible to fouling.  Anticipated 
maintenance requirements could limit its effectiveness.  Scalable with 
anticipated volumes, but generally most successful with small volumes.

Implementable.  Offered by numerous specialty 
contractors.

Capital Costs: 
Medium

O&M Costs: High
Eliminated Efficiency and effectiveness are low 

compared to other treatment methods.  

Air Stripping

Extracted groundwater is sprayed on packing within columns or 
discharged to shallow stacked trays.  A counter current of air passes 
through the water and desorbs contaminants into the vapor phase, 
which are then captured and treated.

Medium effectiveness. Method is effective for primary VOCs 
(chlorobenzenes and chloroethenes) but less effective for nitrobenzene. 
May have issues with fouling.

Components of the system are easily obtainable and 
constructible.  Rigorous pre-treatment and ongoing 
maintenance may be required to keep the system 
operational.  

Capital Costs: 
Low

O&M Costs:  
Medium

Retained May be included as an element of a 
treatment alternative.  

Carbon 
Adsorption

Extracted groundwater is pumped through granular activated carbon 
causing dissolved contaminants to adsorb onto the carbon.  This can 
also be applied to a contaminated airstream 

Medium effectiveness. Well-demonstrated technology for treating Site 
COCs.  Scalable with anticipated treatment volumes.  Limited 
effectiveness at treating vinyl chloride.  

Easily implemented.  Materials and equipment are 
readily available.  TSDF available for waste material 
deposition.

Capital Costs: 
Low

O&M Costs:  
Medium/High

Retained May be included as an element of a 
treatment alternative.  

Distillation Vaporization and subsequent condensation of extracted groundwater. Low effectiveness. This process option is not effective at treating waste 
streams containing dilute mixtures of contaminants.

Readily implementable.  Materials required are easily 
obtained. 

Capital Costs: 
Medium

O&M Costs:  
Medium/High

Eliminated
This process option is not effective on 
the Site contaminants.  

Irrigation / 
Evaporation

Combined treatment and discharge technology that sprays extracted 
groundwater onto the ground surface to enhance vaporization of 
contaminants into the atmosphere.

Low effectiveness.  Not effective during cold months.

It is not likely that this treatment technique would be a 
viable process at the Site, which is almost entirely 
paved. A large expanse of land will be required to 
manage the waste stream.  

Capital Costs: 
Low

O&M Costs: Low
Eliminated This process option is not 

implementable.  

Physical 
Treatment

Collection, 
Treatment, and 

Discharge

NH-4537-2019 Nobis Engineering, Inc.
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Ion Exchange

Ion exchange removes ions from the aqueous phase by the exchange 
of cations or anions between the contaminants and the exchange 
medium. Ion exchange materials may consist of resins made from 
synthetic organic materials that contain ionic functional groups to 
which exchangeable ions are attached.

Low effectiveness. Component of a treatment train.  Effective at reducing 
the inorganic contents in a waste stream prior to additional treatment but 
does not address the primary contaminants at the Site.  Scalable with 
anticipated volumes.

Materials are available from a variety of vendors.  
TSDFs available.  

Capital Costs: 
Medium

O&M Costs:  
Medium

Eliminated This process option is not effective for 
Site COCs.

Enhanced 
Oxidation

Extracted groundwater is pretreated to decrease turbidity, mixed with a 
strong oxidizer (such as hydrogen peroxide or ozone), may include 
exposure to UV light.  UV light with oxidizers form free radicals that 
destroy  the organic contaminants.  

High effectiveness. Effective at oxidizing Site COCs.  Scalable with 
anticipated volumes. 

This process option is available through several 
specialty contractors. May require arrangements with 
local electrical utilities to supply a significant amount of 
electricity.

Capital Costs: 
Medium

O&M Costs:  
Medium/High

Retained May be included as an element of a 
treatment alternative.  

Chemical 
Reduction

Reducing agents are added or the water is passed through a filter with 
reducing agents. The most common reducing agent is zero-valent iron 
(ZVI); others include polysulfides, sodium dithionite, ferrous iron, and 
bimetallic materials.

High effectiveness. Effective at reducing Site COCs.  Scalable with 
anticipated volumes. 

This process option is available through several 
specialty contractors. May require arrangements with 
local electrical utilities to supply a significant amount of 
electricity.

Capital Costs: 
Medium

O&M Costs:  
Medium/High

Retained May be included as an element of a 
treatment alternative.  

pH Adjustment
Addition of acid or caustic material to recovered groundwater and 
reduce the solubility of dissolved metals and facilitate their removal. 
Generally this technology is incorporated as part of a treatment train.

Medium effectiveness. Component of a treatment train.  Adjustment of pH 
has been show to be effective at minimizing inorganics in a waste stream. 
Scalable with anticipated volume.

This process option is easily implemented using typical 
installation techniques.  Replacement reagents are 
easily obtained through a variety of chemical vendors.  

Capital Costs: 
Low

O&M Costs: Low
Retained May be included as an element of a 

treatment alternative.  

Flocculation / 
Precipitation

Amendments are added to the extracted groundwater to neutralize 
surface charges and promote agglomeration of colloidal particles to 
enhance settling.

Medium effectiveness. Component of a treatment train.  Has been shown 
to be effective at reducing suspended solids in a waste stream.  Scalable 
with anticipated volume.  Given relatively low turbidity in groundwater and 
bedrock target source area, this treatment step is not likely to be required

This process option is easily implemented using typical 
installation techniques.  Replacement reagents are 
easily obtained through a variety of chemical vendors.  

Capital Costs: 
Low

O&M Costs:  Low
Eliminated This process option is not effective for 

Site COCs.

Aerobic 
Degradation / 

Bioreactor

Groundwater is stored in a vessel or pond for treatment.  Suspended 
growth or attached film using aerobic microbes degrade organic matter 
and chemicals.

Low effectiveness for TCE and 1,2-DCE, medium effectiveness for 
dichlorobenzenes. Process not commonly utilized at environmental 
cleanups.  Requires large treatment reactors and lengthy treatment times.

Implementable using typical construction technologies.  
Typically requires a moderate to high degree of 
maintenance.

Capital Costs: 
Medium

O&M Costs:  
Medium

Eliminated Ineffective for many COCs.

Anaerobic 
biodegradation 

Groundwater is stored in a vessel.  Suspended growth or attached film 
using anaerobic microbes degrade organic matter and chemicals.

Low effectiveness (higher for TCE and 1,2-DCE). Would require a large 
treatment reactor volume.  Anaerobic treatment systems can be prone to 
upsets resulting in reduced treatment efficiency and erratic operation. 
Anticipate an extended treatment duration.

Implementable using typical construction technologies.  
Typically requires a moderate to high degree of 
maintenance.

Capital Costs: 
Medium

O&M Costs:  
Medium

Eliminated Ineffective for many COCs.

Chemical 
Treatment

Biological 
Treatment

Collection, 
Treatment and 

Discharge

NH-4537-2019 Nobis Engineering, Inc.
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Beneficial re-use 
/ Surface 
Discharge

If treated water is of sufficient quality it may be used as an irrigation 
source.

Medium effectiveness. Water may be discharged to nearby wetlands. 
Scalable with anticipated treatment volumes, but large areas are required.

Treatment standards are very low and may not be cost 
effective to achieve.  Difficult to implement due to 
requirement to dispose of large quantities of water into 
urbanized area. Reuse may include landscaping use 
and manufacturing. Limited space available on site for 
large treatment vessels.

Capital Costs: 
Medium

O&M Costs:  Low
Eliminated

Insufficient re-use needs (minimal 
area/sources to receive water) relative 
to costs/treatment requirements.

Direct Discharge 
to Surface Water

Treated water is discharged to the Sudbury River, eastern wetland, or 
other suitable receiving water.

High effectiveness. Has been used successfully at numerous sites.  
Discharge limitations are protective of human health and the environment. 
Scalable with anticipated volumes, but not easily modified once installed.

Implementable using widely-available construction 
methods. 

Capital Costs: 
Medium

O&M Costs:  Low
Retained May be included as an element of a 

treatment alternative.  

Subsurface 
Discharge Treated water is injected below ground through a reinjection gallery.

Low effectiveness. This method has been used successfully at other sites, 
but insufficient infiltration capacity would limit the effectiveness of this 
discharge method at this site.  Contamination below the water table may 
be mobilized if mounding is not properly managed.  

Discharge standards are very low.  Difficult to 
implement due to requirement to dispose of large 
quantities of water into urbanized area. Easily-
obtainable components, and easily constructible using 
typical construction methods.  

Capital Costs: 
Medium

O&M Costs:  
Medium

Retained
May be included as an element of a 
treatment alternative to control 
groundwater flow.  

Off-Site 
Treatment 

POTW
Pre-treated water is discharged to a publicly-owned treatment system.

High effectiveness. This method has been used successfully at numerous 
other sites.  Scalable with anticipated volume.  Very difficult to modify 
once installed.

Discharge must meet MassDEP  sanitary sewer 
discharge standards  Town sewer is available near the 
Site.

Capital Costs: 
Low

O&M Costs:  Low
Retained May be included as an element of a 

treatment alternative.  

Discharge
Collection, 

Treatment, and 
Discharge
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Air-Sparge 
Wells/Barrier 
with Vapor 
Extraction

Wells are installed to pump air into the aquifer to volatilize VOC from 
groundwater.  Air and VOCs are extracted through the vadose zone by 
an SVE system.  The vapors are then directed to a treatment system 
such as vapor phase carbon adsorption.

Moderate effectiveness in overburden, low effectiveness in bedrock.. Can 
be effective at treating COCs in a saturated environment; however, 
technology requires highly permeable soils. Air bubbles in bedrock tend to 
coalesce in fractures and bypass large portions of the treatment zone. 
Oxidizing environment may mobilize metals. Portions of  source area are 
paved, increasing effectiveness. Scalable with increased treatment 
volume/area. 

Heterogeneity in soil will result in difficulties recovering 
sparge vapors. Constructed using conventional drilling 
and construction methods. Sparge/vapor extraction 
system available through many vendors.  
Contaminated knockout water will require 
management. 

Capital Costs: 
Medium

O&M Costs:  
Medium

Retained
May be used as part of a treatment 
system in targeted high-risk areas and 
localized hotspots.

Multi-Phase 
extraction wells

Air is injected into a double screened well, lifting the water in the well 
and forcing it out the upper screen. Simultaneously, additional water is 
drawn in the lower screen. Once in the well,  VOCs in the 
contaminated groundwater volatilize via air bubbles. The contaminated 
air rises in the well to the water surface where vapors are drawn off 
and treated by an SVE system.

Low effectiveness in heterogeneous aquifers and bedrock. Projects have 
shown successful treatment of some Site COCs using this method; may 
not work for SVOCs such as nitrobenzene.  Small area of influences 
would require a large number of wells the plume area.  Scalable with 
anticipated volumes and areas.  

Constructible using conventional drilling and wells 
installation techniques.  TSDFs available for VOCs 
disposal.  Large treatment area will require a large 
number of wells, which is difficult in an urban, 
developed setting.

Capital Costs: 
High

O&M Costs:  
Medium

Eliminated
Extensive utilities and very large target 
volume in plume make implementation 
infeasible

Steam Heating 
and Vapor 
Recovery

Forces steam into the aquifer to vaporize organic chemicals.  The 
vaporized chemicals are recovered using an SVE system and are 
treated using vapor-phase carbon and then discharged.

 The technology requires steam contact and transport, and it is more 
difficult to predict/control steam flow path.  Cold groundwater entering 
treatment zone will cause decline in subsurface temperature, reducing 
VOC extraction.  

This process option is offered by a limited number of 
vendors.  Difficult to implement in areas with extensive 
subsurface utilities.    Specialty equipment and 
personnel are required. TSDFs are available to receive 
captured VOCs.

Capital Costs: 
High

O&M Costs: High
Eliminated

Impractical for large downgradient area 
with extensive utilities and other 
subsurface infrastructure.

Conductive  
Heating and 

Vapor Recovery

Heating elements installed within the contaminated zones are 
electrified and slowly heat the matrix and groundwater, and volatilized 
VOCs and vapor are captured in SVE system, condensed, and treated 
prior to discharge.  

Medium effectiveness.  Colder groundwater entering treatment zone 
would not affect thermal treatment and VOCs desorption as with steam 
heating. Has been implemented at full-scale on several sites.

This process option is available with specialty 
subcontractors.  Difficult to implement in areas with 
extensive subsurface utilities. TSDFs are available to 
receive captured VOCs.

Capital Costs: 
High

O&M Costs: 
Medium

Eliminated
Impractical for large downgradient area 
with extensive utilities and other 
subsurface infrastructure.

Electrical 
Resistance/ 

Radio Frequency 
Heating and 

Vapor Recovery

Electrodes installed within the contaminated zones are electrified and 
slowly heat the groundwater. Volatilized VOCs and vapor are captured 
in SVE system, condensed, and treated prior to discharge.  

Medium effectiveness. Cannot use higher temperatures than the boiling 
point of water; may not volatilize all site contaminants. Radio frequency 
heating preferentially heats water instead of bedrock mass, and therefore 
requires fewer heating locations and lower energy costs than other 
thermal methods. However, it is less effective to treat sorbed 
contaminants.

This process option is available with specialty 
subcontractors.  Difficult to implement in areas with 
extensive subsurface utilities. TSDFs are available to 
receive captured VOCs.

Capital Costs: 
High

O&M Costs:  
Medium

Eliminated
Impractical for large downgradient area 
with extensive utilities and other 
subsurface infrastructure.

Vitrification
Aquifer materials are heated to high temperatures, forming a glass, 
thereby destroying the organics.  Off-gases need to be captured, 
condensed, and treated before discharging to the ambient air.  

High effectiveness. Process option is not well demonstrated due to 
implementation problems in the past associated with recovery/control of 
extremely hot gases.  Destructive interactions with underground utilities.  

There are no current vendors that market this process 
option.  Difficult to implement in areas with extensive 
subsurface utilities. Specialty equipment and personnel 
are required.  TSDFs are available to receive captured 
VOCs.

Capital Costs: 
High

O&M Costs: High
Eliminated

Vitrification not well demonstrated at 
full-scale, limited effectiveness due to 
extensive subsurface utilities. 

In Situ 
Treatment

Physical 
Treatment

Thermal 
Treatment

In Situ 
Treatment
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Table 2-8
Potential Treatment Option Screening - Downgradient Plume Area of Concern

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 8 of 9

General 
Response 

Action

Remedial 
Technology 

Type
Process Option Process Option Description Effectiveness Implementability Relative Cost

Retained for 
Further 

Consideration
Screening Comments

Permeable 
reactive barrier

A trench is excavated and a permeable reaction wall is installed across 
the flow path of a contaminant plume, allowing the water portion of the 
plume to passively move through the wall. These barriers allow the 
passage of water while treating contaminants (see other in-situ 
treatment options)

May be effective to capture groundwater moving horizontally; not effective 
for groundwater migrating upward from bedrock.

This technology is readily available using specialty 
contractors.  Difficult to implement in areas with 
extensive subsurface utilities. 

Capital Costs: 
High

O&M Costs:  
Medium

Eliminated
Utilities, bedrock contamination, and 
extremely wide plume make this 
process option infeasible.

Liquid Activated 
Carbon

Very fine particles of activated carbon are suspended in water to form 
a pumpable solution. Once in the subsurface, the material binds to the 
aquifer matrix and is available to sorb organic contaminants. 

May be effective as a post-treatment polishing step to address back-
diffusion of contaminants sorbed to matrix. May be used to reduce 
relatively low concentrations of contaminants close to specific targets 
(high indoor air concentrations)

This is considered to be an innovative technology and 
is available from a specialty vendor. Extremely large 
target area with large number of property owners; may 
be difficult to obtain access.

Capital Costs: 
High

O&M Costs: Low
Retained May be used to reduce concentrations 

in sensitive areas.

Chemical 
Oxidation

Vertical or horizontal wells are installed to inject a specified chemical 
oxidant into the subsurface.  The contaminants are destroyed or 
converted to less-toxic substances through a series of oxidation 
reactions.

High effectiveness depending on oxidant (persulfate is more broadly 
reactive)  May be used in bedrock; however, short-lived reagents may not 
address back-diffusion of contaminants and therefore longer-lived 
reagents such as permanganate may be used instead.

Several specialty contractors offer the product and 
injection services.  Materials are obtainable from 
suppliers. Extremely large target area with large 
number of property owners; may be difficult to obtain 
access..  Oxidant quantities that can be stored on site 
may be limited by U.S. Dept. of Homeland Security.  

Capital Costs: 
High

O&M Costs: Low
Retained May be used to treat hotspots within 

the downgradient plume.

Chemical 
Reduction

Wells or injection points are installed to inject reducing substances 
such as a zero-valent iron.  Contaminants are destroyed by reduction 
reactions, which also promote natural reductive dechlorination in the 
subsurface. 

High effectiveness. Distribution of reductant difficult in bedrock.  Scalable 
to any treatment area or volume.  Enhances biological activity in the 
subsurface.  Minimally-invasive injection strategy.  Has been 
demonstrated at a number of sites.  

May corrode piping and other subsurface utilities. 
Several specialty contractors offer the reagents and 
injection services. Extremely large target area with 
large number of property owners; may be difficult to 
obtain access.

Capital Costs: 
High

O&M Costs: Low
Retained May be used to treat hotspots within 

the downgradient plume.

Nano-particle 
zero-valent iron

Wells are installed in order to inject a nano-scale slurry containing zero-
valent iron into the subsurface.  The iron in the fluid causes reductive 
dechlorination, and also enhances any natural reductive dechlorination 
processes.

High effectiveness.  Has been shown to be successful in full-scale 
applications.  

Very specialized with few specialty contractors 
available. Extremely large target area with large 
number of property owners; may be difficult to obtain 
access.

Capital Costs: 
Medium

O&M Costs: Low
Retained May be used to treat hotspots within 

the downgradient plume.

Chemical 
Treatment

In Situ 
Treatment

NH-4537-2019 Nobis Engineering, Inc.
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Table 2-8
Potential Treatment Option Screening - Downgradient Plume Area of Concern

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 9 of 9

General 
Response 

Action

Remedial 
Technology 

Type
Process Option Process Option Description Effectiveness Implementability Relative Cost

Retained for 
Further 

Consideration
Screening Comments

Enhanced 
Biodegradation-

Aerobic

Injections stimulate or supplement the on-going in-place aerobic 
natural attenuation processes.  Wells are drilled into the saturated 
zone to deploy biostimulants, carbon sources,  nutrients, and possibly 
naturally-occurring or bio-engineered bacteria into the subsurface.

Medium effectiveness. Primary degradation conditions for chlorobenzenes 
and vinyl chloride. Could eventually achieve clean-up goals, given 
sufficient time. Not effective for groundwater at depth due to anaerobic 
conditions.  Process has been demonstrated for Site contaminants.

Several specialty contractors offer the reagents and 
injection services. 

Capital Costs: 
Medium

O&M Costs: 
Medium

Retained May be used as part of a polishing 
step in hotspots.

Enhanced 
Biodegradation - 
microbial electro-

remediation

Microbial electro-remediation (MET) uses a solid electrode that 
electroactive bacteria are able to use as an electron donor or acceptor. 
MET is an innovative technology

MEC has been shown to catalyze monocyclic aromatic hydrocarbons such 
as nitrobenzene, BTEX compounds, and chlorinated ethenes. Has had 
issues fully degrading down to ethene. Has not been tried for chlorinated 
benzenes. Effectiveness unknown in a field setting.

Has not been implemented commercially, and in-situ 
field test results are not yet available. Commercial 
vendors not available.

Capital Costs: 
Medium

O&M Costs:  Low
Eliminated

Technology effectiveness has not yet 
been demonstrated in a non-laboratory 
environment.

Enhanced 
Biodegradation-

Anaerobic

Injections stimulate or supplement the on-going in-place anaerobic 
natural attenuation processes.  Wells are installed to deploy 
biostimulants, carbon sources, nutrients, and possibly  naturally-
occurring or bio-engineered bacteria into the subsurface.

Medium effectiveness. Primary degradation pathway for TCE and 1,2-
DCE (reductive dechlorination), with degradation known to stall at vinyl 
chloride.  However, chlorobenzenes are more degradable under aerobic 
conditions.   Could eventually achieve clean-up goals given sufficient 
time.  May mobilize some metals. 

Several specialty contractors offer the reagents and 
injection services. 

Capital Costs: 
Medium

O&M Costs: 
Medium

Retained May be used as part of a polishing 
step in hotspots.

Notes:
1. The process technologies cited above will likely require some level of bench-scale testing, field-scale pilot testing, and design prior to full-scale implementation.
2. Shaded  process options have been eliminated from further consideration.

In Situ 
Treatment

Biological 
Treatment

NH-4537-2019 Nobis Engineering, Inc.
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Table 3-1
Initial Alternative Development

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 1

ID Description Impacted Media General Response Action Potential Process Options Notes

Overburden GW

Bedrock GW

DNAPL

Overburden GW

Bedrock GW

DNAPL

Overburden GW

Bedrock GW

DNAPL

Overburden GW

Bedrock GW

DNAPL

Overburden GW

Bedrock GW

DNAPL

ID Description Impacted Media General Response Action Potential Process Options Notes
Overburden GW

Bedrock GW

Overburden GW

Bedrock GW

Overburden GW

Bedrock GW

Overburden GW

Bedrock GW

Note: 
GW = groundwater, DNAPL = dense non-aqueous phase liquid; ICs = institutional controls; P&T = pump and treat

Enhanced DNAPL Extraction and Off-Site Disposal

GW Pump and Treat with In-
Situ Treatment

Plume Monitoring

Nyacol/WAC Area of Concern

Required under CERCLANo Action No actionNA1

Replaces source zone P&T with a mass-reduction strategy.
Includes plume monitoring, enhanced DNAPL recovery, and IC components from ST1.
Does not prevent short-term plume expansion or migration.
In-situ treatment may address residual matrix contamination

ISCO, Thermal and/or
Bio-polishingIn-Situ Treatment

Source 
Treatment 2ST2

GW Pump and Treat
Generally equivalent to the original OU2 ROD Remedy. 
Includes plume monitoring, enhanced DNAPL recovery, and IC components from ST1.
Does not reduce in-situ contaminant mass except at DNAPL extraction points, resulting in 
long restoration times. Enhanced DNAPL Extraction and Off-Site Disposal

Source 
Treatment 1

Required under CERCLANo actionNo ActionNA1

Enhanced DNAPL Extraction and Off-Site Disposal

Source 
Treatment 4ST4

Includes plume monitoring, enhanced DNAPL recovery, and IC components from ST1. 
Reduces P&T restoration time by reducing in-situ contaminant mass.
In-situ treatment may address residual matrix contaminationEnhanced DNAPL Extraction and Off-Site Disposal

Downgradient Plume Area of Concern

ST1

Includes ICs.
Includes continued DNAPL extraction using the current system.
Includes potential enhancements to DNAPL extraction (locating additional extraction wells, 
optimizing DNAPL extraction at existing and potentially new wells)

ISCO and/or Thermal

Source 
Treatment 3ST3

Replaces GW P&T with a plume collapse mass reduction strategy.
Includes refined plume monitoring and IC components from PM.

Includes ICs.Plume MonitoringPlume 
Monitoring PM

Plume 
Treatment 1PT1

Incorporates a downgradient plume P&T system.
Includes refined plume monitoring and IC components from PM.
Does not reduce sorbed in-situ contaminant mass, resulting in long restoration times.

GW pump and treat

ISCO and/or
Enhanced BioIn-Situ TreatmentPlume 

Treatment 2PT2

NH-4537-2019 Nobis Engineering, Inc.
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Table 3-2
Initial Alternative Compilation

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 1

Nyacol/WAC Downgradient 
Plume PDI Nyacol/WAC 

P&T
Nyacol/WAC 

In situ GW Trench Plume P&T Plume        
In situ

GW-1 NA1 NA1 N N N N N N

GW-2 ST1 PM Y N N N N N

GW-3 ST2 PM Y Y N Y N N

GW-4 ST3 PM Y N Y N N N

GW-5 ST4 PM Y Y Shorter Duration Y N N N

GW-6 ST2 PT1 Y Y N N Y N

GW-7 ST4 PT1 Y Y Shorter Duration Y N Y N

GW-8 ST4 PT2 Y Y Shorter Duration Y N N Y

GW-9 ST3 PT2 Y N Y N N Y

Notes:
1. DNAPL extraction and removal off-site from Nyacol and WAC is included in all alternatives except GW-1.
2. Vapor mitigation systems and institutional controls will continue for all alternatives except for GW-1.
3. Monitoring is part of all alternatives except for GW-1.
4. GW-3 is the remedy presented in the ROD; P&T for this option was to occur in a rectangular zone along the railroad tracks.
5. "GW Trench" refers to a proposed groundwater interception trench in the ROD, and is only included in Alternative GW-3 as described in text.
6. "In situ" refers generally to treatments that would occur underground, in place; this could include treatments such as thermal, biological, or chemical.
7. See Table 3-1 for AOC alternative designations.
8. 5-year reviews are included as required under CERCLA for all alternatives until concentrations are below levels allowing unrestricted use.
9. Abbreviations:

WAC = Worcester Air Conditioning 
AOC = area of concern
DNAPL = dense non-aqueous phase liquid
P&T = pump and treat (ex-situ treatment)
PDI = Pre-Design Investigation
FS = Feasibility Study
ROD = Record of Decision

Table 3-1 AOC Alternatives
FS Alternative

Components Included In Alternative

NH-4537-2019 Nobis Engineering, Inc.



Table 3-3
Initial Alternative Screening

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 2

ID Alternative Description/Components Criteria Score* Weighted 
Score Score Explanation Status

Effectiveness Does not address impacts and does not achieve RAOs

Implementability Includes no action and is, therefore, easily implemented.

Cost Includes no actions or costs.

Sustainability Does not address impacts and does not achieve RAOs

Effectiveness 1 Downgradient plume core and Nyacol/WAC concentrations still than 3 orders of magnitude above PRGs 40+ years after disposal. Concentrations not 
expected to decrease to PRGs within a reasonable timeframe.

Implementability 8 Readily implemented.

Cost 8 Minimal capital cost, but VMS O&M and groundwater monitoring will be required for the foreseeable future. 

Sustainability 8 Minimal initial effort, but extracted DNAPL will require removal and disposal. Long term monitoring will require regular vehicle travel and other resources.

Effectiveness 2 Treatment system would capture highest concentrations associated with Nyacol/WAC, but would not capture or treat downgradient groundwater. Would 
not effectively address residual or DNAPL.

Implementability 6 Readily implemented. Extraction wells and treatment system can be designed to minimize impact on facility operations.

Cost 3.5 Treatment system would take an extremely long time to address residual concentrations; would have high long-term O&M cost. 

Sustainability 6 Treatment system would take a very long time to address residual concentrations; would require significant quantities of treatment media, electricity, and 
vehicle visits for O&M

Effectiveness 3 In-situ treatment would reduce the highest concentrations, although access may be limited in some areas. Any residual contamination in the plume would 
not be addressed.

Implementability 7 Limited timeframe for remedial action; would have short-term impact (few years) but would not require long-term O&M.

Cost 7 In-situ treatment would have significant up-front cost (including PDI and follow-on treatment after initial treatment) but would have a much lower long-
term O&M cost than alternatives with pump and treat. 

Sustainability 7 Significant chemical use, but for a shorter duration than alternatives with groundwater pumping and treatment. Any residual contamination in the plume 
would not be addressed.

Effectiveness 5 In-situ treatment would reduce the highest concentrations, while pump and treat would capture remaining additional high dissolved concentrations, 
reducing exposure. In situ treatment would optimize pumping effectiveness in high concentration areas. 

Implementability 5 Extraction wells and treatment system can be designed to minimize impact on facility operations at Nyacol/WAC. Alternative is more flexible to capture 
contaminants if in-situ treatment cannot reach all target areas at Nyacol/WAC. 

Cost 6 In-situ treatment would have significant up-front cost (including PDI and follow-on treatment after initial treatment) but would have a much lower long-
term O&M cost than alternatives with pump and treat alone. Shorter pumping time required than GW-3/5 at Nyacol/WAC. 

Sustainability 4 Significant chemical use, plus long-term O&M residuals and travel impacts. Any residual contamination in the plume would not be addressed.

Effectiveness 4 Treatment system would effectively capture dissolved concentration throughout plume, but would not effectively address residual and DNAPL, leading to 
long system operation times. 

Implementability 3 Extraction wells and treatment system can be designed to minimize impact on facility operations at Nyacol/WAC; may need flexibility to site downgradient 
plume well(s). Multiple extraction treatment plants may be required for the downgradient plume.

Cost 3.5 Treatment system would take a very long time to address residual concentrations; would have very high long-term O&M cost. Would require more water 
handling than GW-4/6/7. Capital costs are much lower than large-scale in-situ treatment technologies.  

Sustainability 1 Larger treatment system than GW-3/5 would require more materials and electricity for O&M, and more treatment residuals.

13.3 Retained

Limited Action:
◦ Maintain VMS
◦ Optimize DNAPLextraction
◦ Monitor groundwater concentrations
◦ Conduct 5-year reviews
◦ Implement ICs to prevent groundwater consumption

Nyacol/WAC Pumping and Treatment:
◦ PDI/pilot testing to evaluate capture zone
◦ Optimize DNAPLextraction
◦ Groundwater interception trench (original ROD)
◦ Pump and treat Nyacol/landfill/WAC groundwater
◦ Monitoring, 5YR, VMS, and ICs until concentrations below PRGs

GW-4

Nyacol/WAC In-Situ Treatment:
◦ PDI/pilot testing to evaluate injection network and capture zone
◦ Optimize DNAPLextraction
◦ In-situ treatment at Nyacol/Landfill/WAC
◦ Monitoring alone in downgradient plume
◦ Monitoring, 5YR, VMS, and ICs until concentrations below PRGs

Nyacol/WAC and Downgradient Plume Pump and Treat:
◦ PDI/pilot testing to evaluate system configuration and capture zone
◦ Optimize DNAPLextraction
◦ Pump and treat Nyacol/WAC groundwater
◦ Pump and treat downgradient groundwater
◦ Monitoring, 5YR, VMS, and ICs until concentrations below PRGs

GW-6

GW-2

GW-3

GW-5

Nyacol/WAC In-Situ Treatment and Limited Pump and Treat:
◦ PDI/pilot testing to evaluate injection network and capture zone
◦ Optimize DNAPLextraction
◦ In-situ treatment at Nyacol/Landfill/WAC
◦ Pump and treat Nyacol/Landfill/WAC groundwater (shorter duration)
◦ Monitoring alone in downgradient plume
◦ Monitoring, 5YR, VMS, and ICs until concentrations below PRGs

18 Retained

GW-1 No Further Action

18 Retained

** ** Retained

Retained

Eliminated

18.0

14.8

NH-4537-2019 Nobis Engineering, Inc.



Table 3-3
Initial Alternative Screening

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 2

ID Alternative Description/Components Criteria Score* Weighted 
Score Score Explanation Status

Effectiveness 7 In-situ treatment at Nyacol/WAC would reduce the bulk of highest concentrations of contamination, while pump and treat would capture high dissolved 
concentrations, preventing exposure. DNAPL destruction would optimize treatment effectiveness.

Implementability 1 Extraction wells and treatment system can be designed to minimize impact on facility operations at Nyacol/WAC; may need flexibility to site downgradient 
plume well(s). Alternative is more flexible to capture contaminants if in-situ treatment cannot reach all target areas.

Cost 2 Shorter pumping time required than GW-4/6/7; additional cost for PDI for injections and extraction well system.  

Sustainability 2 More efficient pumping once recoverable DNAPL is removed; combination of multiple technologies may allow for better source reduction and ultimately 
shorter groundwater pumping time. 

Effectiveness 8
In-situ treatment would reduce the bulk of highest concentrations of contamination, while pump and treat would capture high dissolved concentrations, 
reducing exposure. DNAPL destruction increases pumping effectiveness. Downgradient in-situ treatment would reduce high concentrations in persistent 
plume areas. Would not be as effective as pumping to reduce potential exposure to contaminants.

Implementability 2 Pump and treat system can be designed to minimize impact on Nyacol/WAC operations. Will capture dissolved contaminants if in-situ treatment cannot 
reach all Nyacol/WAC target areas. May be difficult to gain sufficient access for in-situ downgradient treatment.

Cost 1 In-situ treatment would have significant up-front cost (including PDI) but would have a much lower long-term O&M cost than alternatives with pump and 
treat alone. Shorter pumping time required than GW-3/5 at Nyacol/WAC. 

Sustainability 3 In-situ treatment would not require as much waste management and handling, and would target highest concentrations. However, significant volumes of 
chemicals would be required. Shallow chemical injection in residential areas may daylight, causing potential risk.  

Effectiveness 6 In-situ treatment alone may not be as effective at WNyacol/AC because of access limitations. Downgradient in-situ treatment would reduce high 
concentrations in persistent plume areas, but would not be as effective in short term to reduce risks to downgradient receptors.

Implementability 4 Complete target destruction may be difficult given access issues at Nyacol/WAC. In addition, given the large number of property owners and dense 
infrastructure, may be difficult to gain sufficient access for in-situ downgradient treatment.

Cost 5 In-situ treatment would have significant up-front cost because of extremely large downgradient plume. (including PDI) but would have a much lower long-
term O&M cost than alternatives with pump and treat alone.  

Sustainability 5 In-situ treatment would not require as much waste management and handling, and would target highest concentrations. However, significant volumes of 
chemicals would be required. Shallow chemical injection in residential areas may daylight, causing potential risk.  

Notes:  
*Score based on a ranking from 1 being the lowest (worst) to 7 being the highest (best). Each alternative is ranked relative to the others. Scores are weighted as follow: effectiveness x2, implementability x1, cost x0.5 and sustainability x0.5.
** Alternative I-1 is not scored, as this will be carried through the evaluation.

17.0

19.3

18

Eliminated

Retained

Retained

Nyacol/WAC and Downgradient Plume In-Situ Treatment
◦ PDI/pilot testing to evaluate injection network
◦ Optimize DNAPLextraction
◦ In-situ treatment at Nyacol/Landfill/WAC
◦ In-situ downgradient treatment
◦ Monitoring, 5YR, VMS, and ICs until concentrations below PRGs

Nyacol/WAC In-Situ Treatment/Limited Pump and Treat; Downgradient 
Plume Pump and Treat
◦ PDI/pilot testing to evaluate injection network and capture zone
◦ Optimize DNAPLextraction
◦ In-situ treatment at Nyacol/Landfill/WAC
◦ Pump and treat Nyacol/Landfill/WAC groundwater (shorter duration)
◦ Pump and treat downgradient groundwater (shorter duration)
◦ Monitoring, 5YR, VMS, and ICs until concentrations below PRGs

Nyacol/WAC In-Situ Treatment/Limited Pump and Treat; Downgradient 
Plume In-Situ Treatment
◦ PDI/pilot testing to evaluate injection network and capture zone
◦ Optimize DNAPLextraction
◦ In-situ treatment at Nyacol/Landfill/WAC
◦ Pump and treat Nyacol/Landfill/WAC groundwater (shorter duration)
◦ In-situ downgradient treatment
◦ Monitoring, 5YR, VMS, and ICs until concentrations below PRGs

GW-8

GW-9

GW-7

NH-4537-2019 Nobis Engineering, Inc.



Table 4-1
Detailed Analysis of GW-1

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 4

Detailed Analysis Criteria Alternative GW-1: No Further Action
5-Year Reviews

Protection of human health

Developed as a baseline per NPC for comparison purposes. No further action will be taken to address COCs. No 
additional reduction in risk. Contaminants would continue to pose potential health risks to residents and workers 
for inhalation of vapors. Would rely on natural attenuation for degradation of dissolved contaminants, which 
would take an extremely long time.

GW-1 would not achieve RAOs for protection of human health from groundwater direct contact because no 
measures would be taken to prevent use of groundwater in the years until target groundwater concentrations are 
reached.

Protection of the environment Would not be protective of the environment. DNAPL would remain in the vicinity of Nyacol/WAC and serve as a 
continuing source of extremely high groundwater concentrations, which would continue to migrate downgradient.

Compliance with chemical-
specific ARARs

ARARs are not available outside of the PPA. Would not comply with chemical-specific vapor intrusion-based 
TBC criteria until natural attenuation reduces contamination to those levels (many hundreds of years).

Compliance with action-
specific ARARs Not applicable. There are no action-specific ARARs for GW-1 because no actions are proposed.

Compliance with location-
specific ARARs

Not applicable. There are no location-specific ARARs for GW-1 because no actions are proposed that would 
affect protected resources.

Magnitude of residual risk

There would be no change in the magnitude of the residual risk, as no additional treatment is included in this 
alternative. This alternative does not address any risk in the short term from VI into structures. Residual risk 
would be moderate to high.

Long-term risk would gradually be diminished through natural attenuation.

Five-year reviews would be required since contaminants would remain at concentrations that would not allow 
unrestricted use.

Adequacy and reliability of 
controls No additional actions or controls would be implemented to decrease contaminant concentrations or migration.

Compliance with ARARs

Overall Protection of Human Health and the Environment

Long-Term Effectiveness and Permanence

NH-4537-2019 Nobis Engineering , Inc.



Table 4-1
Detailed Analysis of GW-1

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 4

Detailed Analysis Criteria Alternative GW-1: No Further Action
5-Year Reviews

Treatment process used & 
materials treated

This alternative does not include any active treatment components.

Contaminant concentrations would gradually decrease through natural attenuation.

Amount of hazardous 
materials removed or treated

No removal or treatment of hazardous materials would occur.

Natural attenuation of contaminants would occur over a very long time (more than 500 years).

Reduction in toxicity, mobility, 
or volume through treatment

No decrease in mass, toxicity, mobility, or volume would occur through treatment.

Natural attenuation of contaminants would occur over a very long time (more than 500 years).

Degree to which the treatment 
is reversible No additional treatment would be performed.

Type and quantity of residuals 
remaining after treatment

There is no active treatment associated with this alternative. Contaminants would remain in the dissolved plume 
until they are naturally depleted through natural attenuation.

Natural attenuation processes would, in the very long term, result in the gradual dissolution of DNAPAL into 
groundwater and the mineralization of VOCs and SVOCs to non-hazardous chemicals such as ethene, oxygen, 
carbon dioxide, chloride, and hydrogen.

Under natural processes, degradation daughter products such as vinyl chloride, which is more toxic and mobile 
than the parent products, may accumulate.

Satisfies statutory preference 
for treatment

This alternative does not address the principal threats (DNAPL). No treatment of contaminated media is 
proposed, which would not satisfy statutory preference for treatment.

Reduction of Toxicity, Mobility, and Volume Through Treatment

Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)
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Table 4-1
Detailed Analysis of GW-1

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 4

Detailed Analysis Criteria Alternative GW-1: No Further Action
5-Year Reviews

Risks to community during 
implementation of remedial 
action

Because there would not be any construction activities, there would be no risks to the community.

Risks to workers during 
implementation of remedial 
action

Because there would not be any construction activities, there would be no risks to workers.

Environmental impacts Without any active remediation or construction activities, there are no additional short-term impacts to the 
environment.

Sustainability Without any active remediation or construction activities, there are no sustainability considerations.

Time until remedial action 
objectives are achieved 

 It is estimated that the PRG for TCE would not be achieved for approximately 680 years in the Nyacol/WAC 
AOC and 570 years in the downgradient plume AOC. 

Ability to construct and 
operate the technology

This alternative is readily implementable, as it does not include construction. Five-year reviews are easily 
implemented.

Reliability of the technology No technology is implemented, therefore no reliability can be examined.

Ease of implementing 
additional remedial actions, if 
necessary

Future remedial actions could be readily implemented.

Ability to monitor 
effectiveness of the remedy Monitoring is not included in GW-1.

Ability to obtain approvals 
from other agencies None required.

Coordination with other 
agencies None required.

Availability of off-site 
treatment, storage, and 
disposal services 

None required.

Short-Term Effectiveness

Implementability
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Table 4-1
Detailed Analysis of GW-1

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 4 of 4

Detailed Analysis Criteria Alternative GW-1: No Further Action
5-Year Reviews

Availability of necessary 
equipment and specialists None required.

Availability of prospective 
technologies None required.

Capital $0

Total Present Value O&M $108,000

Total Present Value Cost $108,000

Notes:

2. Abbreviations: COC = contaminant of concern
RAO = remedial action objective
DNAPL = dense non-aqueous phase liquid
ARAR = applicable, relevant, and appropriate requirement
PPA = potentially productive aquifer
O&M = operations and maintenance
TBC = to be considered

Implementability (cont.)

1. Total present value O&M cost presented is total cost for 30 years, including costs for Five-Year Reviews and a discount rate of 7% per EPA 540-
R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.

Costs
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Table 4-2
Detailed Analysis of GW-2

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 5

Detailed Analysis 
Criteria

Alternative GW-2: Limited Action
ICs, DNAPL Extraction, LTM, 5-Year Reviews

Protection of human 
health

Continuing operation and optimization of the DNAPL recovery system and potentially installation of additional DNAPL 
recovery wells will slightly reduce contaminant mass and may allow for increased natural attenuation. Reduction of risk 
would occur over a very long period.

Use of VMS would minimize contact to vapors from groundwater contamination while groundwater concentrations 
remain above PRGs. ICs would prevent contact with contaminated groundwater and vapor.

LTM and five-year reviews would be used to track progress of natural attenuation and to identify areas for additional 
DNAPL extraction and VMS adjustments.

Protection of the 
environment

If the enhanced DNAPL extraction option is selected, then the DNAPL extraction system optimization and addition of 
new recovery wells would slightly reduce the amount of DNAPL entering groundwater. Without the enhanced option, 
DNAPL extraction and discharge would continue at the current rate.

Groundwater quality would not be restored in the near term, but would improve very gradually through natural 
attenuation.

Compliance with 
chemical-specific 
ARARs

ARARs are not available outside of the PPA. Would not comply with chemical-specific vapor intrusion-based TBC 
criteria until target concentrations are achieved in downgradient receptor areas. 
See Table 4-3a for details of compliance with chemical-specific ARARs.

Compliance with action-
specific ARARs

Would meet action-specific ARARs. 
See Table 4-3b for details of compliance with action-specific ARARs.

Compliance with 
location-specific 
ARARs

Would meet location-specific ARARs. 
See Table 4-3c for details of compliance with location-specific ARARs.

Compliance with ARARs

Overall Protection of Human Health and the Environment
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Table 4-2
Detailed Analysis of GW-2

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 5

Detailed Analysis 
Criteria

Alternative GW-2: Limited Action
ICs, DNAPL Extraction, LTM, 5-Year Reviews

Magnitude of residual 
risk

If selected, DNAPL extraction system optimization will slightly reduce the residual risk. DNAPL extraction will reduce 
some source mass, but a significant mass of residual DNAPL is expected to remain in bedrock fractures and the soil 
matrix.

Maintenance of VMS would address risk from VI into structures, while long-term risk would be gradually diminished 
through natural attenuation.

Five-year reviews would be required since contaminants would remain at concentrations that would not allow 
unrestricted use.

Adequacy and 
reliability of controls

If selected, DNAPL extraction system optimization would reduce some source mass, but a significant mass of residual 
DNAPL is expected to remain in the subsurface. Degradation of the dissolved contaminants in the downgradient 
plume would rely on natural attenuation, which is expected to be a very slow process.

Use of VMS would minimize risk of VI exposure while groundwater concentrations remain above PRGs. However, 
adequacy of the VMS depend on system inspections and maintenance.

ICs would decrease future risks by preventing contact with contaminated groundwater and air.

LTM and five-year reviews will allow for periodic evaluation of groundwater quality and identification of any changes of 
conditions that may result in increased risk.

Treatment process 
used & materials 
treated

Any DNAPL recovered would be sent for off-site disposal.

Contaminant concentrations would gradually decrease through natural attenuation. This process is expected to be 
slightly more effective with increased DNAPL removal.

Amount of hazardous 
materials removed or 
treated

It is assumed that less than 5% of the contaminant source mass will be removed by the optimized DNAPL recovery 
system option. The remaining contaminants in groundwater would degrade very slowly via natural attenuation.

A minimal amount of contamination is expected to be removed via VMS, which are intended to only reduce exposure 
to contaminants.

Reduction in toxicity, 
mobility, or volume 
through treatment

Very limited reductions of mass, toxicity, and mobility, and volume would occur through DNAPL extraction.

Natural attenuation of contaminants would occur over a very long period.

A minimal amount of contamination is expected to be removed via VMS. VMS will not reduce the toxicity, mobility, or 
volume of contaminants, as they are intended to only reduce exposure to contaminants.

Degree to which the 
treatment is reversible

Extraction and treatment of DNAPL is irreversible. However, it would have limited effect on downgradient plume 
concentrations.

Natural attenuation of contaminants in the source area and downgradient plume would occur over a very long period, 
but those changes would be irreversible.

The protection offered by the VMS would end if they stopped operation or were compromised.

Long-Term Effectiveness and Permanence

Reduction of Toxicity, Mobility, and Volume Through Treatment
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Table 4-2
Detailed Analysis of GW-2

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 5

Detailed Analysis 
Criteria

Alternative GW-2: Limited Action
ICs, DNAPL Extraction, LTM, 5-Year Reviews

Type and quantity of 
residuals remaining 
after treatment

No residuals would remain after DNAPL extraction and off-site disposal.

Natural attenuation processes would, in the very long term, result in the gradual dissolution of DNAPL into 
groundwater and the mineralization of VOCs and SVOCs to non-hazardous chemicals such as ethene, oxygen, 
carbon dioxide, chloride, and hydrogen. Under natural processes, degradation daughter products such as vinyl 
chloride, which is more toxic and mobile than the parent products, may accumulate.

Satisfies statutory 
preference for 
treatment

This alternative partially addresses the principal threat (DNAPL). It does not address non-mobile DNAPL, such as that 
material located in dead-end fractures and sorbed to matrix materials. It does not address the contamination dissolved 
in groundwater.

Risks to community 
during implementation 
of remedial action

Limited remedial actions would take place at the Nyacol/WAC AOC. If the enhanced DNAPL extraction option is 
selected, new DNAPL extraction wells may be located in close proximity to workers. Risk mitigation during well drilling 
and other intrusive activities may include work hour restrictions and would include development of safety zones. Once 
implemented, DNAPL extraction systems would be secured with wellhead sheds and fencing as needed, similar to the 
existing systems.

Risks to workers during 
implementation of 
remedial action

Workers may be exposed to contaminated materials during drilling, sampling, and DNAPL system O&M. These risks 
are relatively low and can be mitigated through proper training, use of personal protective equipment, and engineering 
controls.

Environmental impacts

Implementation of Alternative GW-2 would require minor construction activity (such as drilling) for PDI and remedy 
implementation. Standard construction equipment would be used. Engineering controls such as erosion and 
sedimentation controls and dust control would be used to prevent migration of contaminated materials outside the 
work areas. Diligent use of engineering controls may be required close to sensitive areas such as the wetlands and 
Sudbury River.

There are no significant environmental impacts associated with installation and O&M of DNAPL extraction systems.

Sustainability

Some energy and resources would be used during DNAPL system construction and the PDI. After completion of initial 
construction, VMS and the DNAPL extraction systems require minimal electricity to run, and some energy and 
transportation will be required to operate the DNAPL extraction system and send collected material for off-site 
disposal. Likewise, some transportation and disposal would be required for LTM.

Long-term resource use is expected to be relatively small, as the DNAPL systems would only be operated as long as 
recoverable DNAPL is available (estimated at 10 years for cost development).

Time until remedial 
action objectives are 
achieved 

 It is estimated that the PRG for TCE would not be achieved for approximately 650 years in the Nyacol/WAC AOC and 
500 years in the downgradient plume AOC. 

Short-Term Effectiveness

Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)
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Table 4-2
Detailed Analysis of GW-2

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 4 of 5

Detailed Analysis 
Criteria

Alternative GW-2: Limited Action
ICs, DNAPL Extraction, LTM, 5-Year Reviews

Ability to construct and 
operate the technology

Construction activities would include installation of monitoring and (if selected) DNAPL extraction wells. Monitoring 
well installation in the downgradient plume may be limited by access considerations; therefore, wells may need to be 
relocated away from optimal locations. DNAPL extraction wells require limited space for permanent installation; 
underground piping and/or angled borings may be required to target areas under active infrastructure.

Reliability of the 
technology

The passive DNAPL recovery systems currently in use have been shown to reliably operate with regular maintenance. 
Additional systems are expected to be similarly reliable. 

ICs can be a reliable means of preventing future contact with contaminated groundwater and vapor, provided that the 
ICs are relatively easy for local officials to monitor and enforce.

Ease of implementing 
additional remedial 
actions, if necessary

Future remedial actions could be readily implemented if necessary. 

Ability to monitor 
effectiveness of the 
remedy

Additional monitoring wells are included in Alternative GW-2 to improve the current monitoring well network both at the 
Nyacol/WAC and downgradient plume AOCs. Effectiveness of the DNAPL extraction systems  will be regularly be 
monitored as part of ongoing O&M.

Ability to obtain 
approvals from other 
agencies

All work would be conducted on a CERCLA site, so permits would not be required; however, the substantive 
requirements of ARARS would be met.

Implementation of ICs is administratively feasible. No approvals are required. Agreement on the specific requirements 
to be included in ICs would be required.

Coordination with other 
agencies

Monitoring and extraction well installation would require coordination with landowners and the Town of Ashland.

Implementation and recording of ICs would require coordination with local and state officials.

Availability of off-site 
treatment, storage, and 
disposal services 

Investigation derived waste from well installation and sampling may require off-site disposal at TSDF, which are 
readily available. Recovered DNAPL would be treated off-site at a TSDF.

Availability of 
necessary equipment 
and specialists

Drilling contractors to perform installation of monitoring and recovery wells are readily available. 

Experienced regulators and attorneys are available to develop ICs.

Availability of 
prospective 
technologies

Prospective technologies have been used previously at the Site and are widely available.

Implementability
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Table 4-2
Detailed Analysis of GW-2

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 5 of 5

Detailed Analysis 
Criteria

Alternative GW-2: Limited Action
ICs, DNAPL Extraction, LTM, 5-Year Reviews

Capital $1,394,000

Total Present Value 
O&M $1,975,000

Total Present Value 
Cost $3,369,000

Capital $2,906,000

Total Present Value 
O&M $3,099,000

Total Present Value 
Cost $6,005,000

Notes:

2. Abbreviations: IC = institutional control
PPA = potentially productive aquifer

 VMS = vapor mitigation system
DNAPL = dense non-aqueous phase liquid
LTM = long-term monitoring
ARAR = applicable, relevant, and appropriate requirement
O&M = operations and maintenance

1. Total present value O&M cost presented is total cost for 30 years, including costs for Five-Year Reviews and a discount rate of 7% per EPA 
540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.

GW-2 BASE OPTION

GW-2 WITH ENHANCED DNAPL EXTRACTION OPTION

Costs
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Table 4-3A
Chemical-Specific ARARs for Alternative GW-2
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 2

Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

OSWER Technical Guide for Assessing and 
Mitigating the Vapor Intrusion Pathway from 
Subsurface Vapor Sources to Indoor Air 
(OSWER Publication 9200.2-154). June 2015.

This EPA guidance establishes a methodology for assessing potential 
indoor air risks to human health that may result from volatilization of 
contaminants from groundwater and soil vapor into an overlying building, 
using multiple lines of evidence.

To Be Considered
The methodology from the guidance was used 
to develop risk-based PRGs for target 
groundwater concentrations. 

EPA Vapor Intrusion Screening Level (VISL)  
calculator

EPA developed the VISLs as numerical screening levels to identify areas 
or buildings that may warrant further investigation of the vapor intrusion 
pathway.

To Be Considered VISLs were used to develop PRGs for 
groundwater.

Regional Screening Levels for Chemical 
Contaminants at Superfund Sites 
(https://www.epa.gov/risk/regional-screening-
levels-rsls-generic-tables)

Provides risk-based screening levels for various environmental media, for 
residential and industrial exposure scenarios, and for leaching of 
contaminants to groundwater.

To Be Considered Regional screening levels for indoor air used to 
develop VISLs.

EPA Risk Reference Doses (RfDs) and EPA 
Carcinogen Assessment Group Cancer Potency 
Factors (CPFs)

RfDs are considered to be levels unlikely to cause significant adverse non-
cancer health effects associated with lifetime exposure. RfDs are used to 
develop risk-based cleanup standards by computing human health hazards 
from exposure to non-carcinogens at the Site. CPFs are used as qualitative 
weight-of-evidence judgment as to the likelihood of a chemical being a 
carcinogen

To Be Considered
RfDs and CPFs will be used to establish risk-
based standards for preventing exposure to 
groundwater and air. 

EPA Human Health Assessment Cancer Slope 
Factors (CSFs)

CSFs estimate the upper-bound probability of increased cancer risk from 
lifetime exposure to contaminants. Used to develop risk-based cleanup 
standards by computing the incremental cancer risk from exposure to 
carcinogens at the Site.

To Be Considered
CSFs will be used to establish risk-based 
standards for preventing exposure to 
groundwater. 

Guidelines for Carcinogenic Risk Assessment, 
EPA/630/P-03/001F, March 2005

Guidance values used to evaluate the potential carcinogenic hazard 
caused by Site contaminant exposure. To Be Considered Will be used to establish risk-based standards 

for preventing exposure to groundwater and air. 

EPA Carcinogenic Assessment Group Potency 
Factors These factors are used to evaluate an acceptable risk from a carcinogen. To Be Considered Will be used to establish risk-based standards 

for preventing exposure to groundwater and air. 

Supplemental Guidance for Assessing 
Susceptibility from Early-Life Exposure to 
Carcinogens, EPA/630/R/03/003F, March 2005

Guidance values used to evaluate the potential carcinogenic hazard to 
children caused by Site contaminant exposure. To Be Considered Will be used to establish risk-based standards 

for preventing exposure to groundwater and air.

Federal Criteria, Advisories, and Guidance
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Table 4-3A
Chemical-Specific ARARs for Alternative GW-2
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 2 of 2

Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

MassDEP Vapor Intrusion Guidance: Site 
Assessment, Mitigation and Closure, Policy 
#WSC-16-435 (October 14, 2016),  Indoor Air 
Threshold Values

This guidance establishes threshold values for contaminants in indoor air, 
assuming that multiple contaminants are present. To Be Considered These values will be considered when 

establishing PRGs for VMS.

Massachusetts Contingency Plan (MCP), Method 
1 Groundwater Standards, 310 CMR 40.0000

The MCP has established a set of risk-based threshold concentrations that 
must be attained in order to achieve a condition of no significant risk for 
groundwater within a particular groundwater classification area.

To Be Considered
These values will be considered to develop 
vapor intrusion compliance limits for 
groundwater.

MCP, Method 3 Upper Concentration Limits, 310 
CMR 40.0996

The MCP GW-3 standards are intended to address ecological effects 
resulting from discharge of contaminants to surface water. Risk-based 
target values are modified by two dilution/attenuation factors to estimate an 
allowable concentration in groundwater discharging to a surface water 
body.

To Be Considered
These values will be considered to evaluate 
plume migration at areas where the plume 
intercepts the Sudbury River.

State Criteria, Advisories, and Guidance
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Table 4-4
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 6

Detailed Analysis 
Criteria

Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment 
PDI, Nyacol/WAC In-Situ Treatment,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Protection of human 
health

In-situ treatment and DNAPL extraction (if encountered in recoverable quantities) within the Nyacol/WAC AOC would 
reduce the source mass in-situ and minimize downgradient transport. However, this alternative does not directly address 
downgradient concentrations. Instead, downgradient concentrations would decrease slowly over time. Reduction of risk 
would occur over a very long period.

Use of VMS would minimize contact to vapors from groundwater contamination while groundwater concentrations 
remain above PRGs.

LTM and five-year reviews would be used to identify areas for additional DNAPL extraction and VMS adjustments.

Protection of the 
environment

In-situ treatment and DNAPL recovery (if additional recoverable volumes of DNAPL were encountered) would address 
the highest contamination at Nyacol/WAC. 

The downgradient plume of contaminated groundwater would attenuate faster without the constant source input, but this 
may take a  significant time to reach groundwater standards.

Compliance with 
chemical-specific 
ARARs

ARARs are not available outside of the PPA. Would not comply with chemical-specific vapor intrusion-based TBC 
criteria until target concentrations are achieved in downgradient receptor areas. 

See Table 4-5a for details of compliance with chemical-specific ARARs.

Compliance with action-
specific ARARs

Would meet action-specific ARARs.

See Table 4-5b for details of compliance with action-specific ARARs.

Compliance with 
location-specific 
ARARs

Would meet location-specific ARARs. 

See Table 4-5c for details of compliance with location-specific ARARs.

Compliance with ARARs

Overall Protection of Human Health and the Environment

NH-4537-2019 Nobis Engineering , Inc.
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Table 4-4
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 6

Detailed Analysis 
Criteria

Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment 
PDI, Nyacol/WAC In-Situ Treatment,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Magnitude of residual 
risk

The in-situ treatment and DNAPL recovery (if sufficient DNAPL is encountered) at the Nyacol/WAC AOC will minimize 
the residual risk in the source area. However, contamination will remain in the downgradient plume AOC for a long time 
while undergoing natural attenuation. Long-term risk would be gradually diminished as the contamination is attenuated.

Natural attenuation would reduce concentrations at the downgradient plume AOC much faster than for GW-2 (which 
does not have a significant source removal component). VMS would still be required for a long time.

Five-year reviews would be required since contaminants would remain at concentrations that would not allow 
unrestricted use.

Adequacy and 
reliability of controls

In-situ treatment would destroy contaminants in place, although the destruction efficiency would depend on the ability of 
the injections to contact the target contamination. DNAPL extraction, if encountered in recoverable quantities, would be 
a reliable way to reduce the most source mass. Using a groundwater extraction system in conjunction with in-situ 
treatment would optimize treatment in the Nyacol/WAC AOC and minimize the recontamination of the downgradient 
plume AOC. However, natural attenuation of the downgradient plume AOC would still be a relatively slow process.

Use of VMS would minimize risk of VI exposure while groundwater concentrations remain above PRGs. However, 
adequacy of the VMS depend on system inspections and maintenance.

ICs would decrease future risks by preventing contact with contaminated groundwater and air.

LTM and five-year reviews will allow for periodic evaluation of groundwater quality and identification of any changes of 
conditions that may result in increased risk.

Treatment process 
used & materials 
treated

The primary source of contamination would be addressed via in-situ treatment using in-situ treatment and DNAPL 
recovery (if encountered). The oxidant selected is intended to treat the full spectrum of Site contamination. Groundwater 
at the Nyacol/WAC AOC would also be removed via extraction wells and treated ex-situ. Activated carbon may be used 
to treat vapors generated during treatment. 

Contaminant concentrations in the downgradient plume would gradually decrease through natural attenuation. This 
process is expected to be more effective with source area treatment and groundwater extraction.

Amount of hazardous 
materials removed or 
treated

The highest concentrations in the source zone (Nyacol/WAC AOC), which would include residual contamination and 
DNAPL, would be treated in-situ. DNAPL in recoverable quantities would be removed directly. In-situ treatment is 
expected to reach a much larger volume of residual contamination than DNAPL extraction, and to be more effective than 
treating the dissolved concentrations alone. The source area pump and treat system would capture a larger volume of 
dissolved contamination than the targeted area for the in-situ treatment. 

GW-4 does not include direct removal or treatment of contamination in the downgradient plume AOC. However, removal 
of source mass would allow for natural attenuation to occur much faster.

A minimal amount of contamination is expected to be removed via VMS, which are intended to only reduce exposure to 
contaminants.

Long-Term Effectiveness and Permanence

Reduction of Toxicity, Mobility, and Volume Through Treatment
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Table 4-4
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 6

Detailed Analysis 
Criteria

Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment 
PDI, Nyacol/WAC In-Situ Treatment,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Reduction in toxicity, 
mobility, or volume 
through treatment

In-situ treatment would destroy residual contamination in place at the Nyacol/WAC AOC. Extraction of recoverable 
DNAPL would reduce future contaminant mobility. 

Natural plume attenuation (which will reduce groundwater toxicity) will be enhanced with source removal; however, this 
will still take a long time.

Degree to which the 
treatment is reversible

In-situ treatment of residual contamination and extraction of DNAPL are irreversible.

Natural attenuation of contaminants in the rest of the plume would occur over a very long period, but those changes 
would be irreversible.

The protection offered by the VMS would end if they stopped operation or were compromised.

Type and quantity of 
residuals remaining 
after treatment

ISCO reagents that do not react with the target contamination are expected to migrate downgradient and react with soil 
organic material. ISCO may cause temporary changes in aquifer chemistry, particularly in areas that currently have 
anaerobic conditions. This may cause mobilization of metals until the aquifer conditions return to the original condition 
after injection.

Groundwater in the downgradient plume would undergo natural attenuation. Natural attenuation processes would, in the 
long term, result in the mineralization of VOCs and SVOCs to non-hazardous chemicals such as ethene, oxygen, carbon 
dioxide, chloride, and hydrogen. Under natural processes, degradation daughter products such as vinyl chloride, which 
is more toxic and mobile than the parent products, may accumulate.

Satisfies statutory 
preference for 
treatment

This alternative addresses the principal threat (DNAPL) and the sorbed contamination within the Nyacol/WAC AOC.  
The alternative does not include active treatment for the downgradient plume AOC.

Risks to community 
during implementation 
of remedial action

Risk to the off-site community during implementation are low to moderate, as the treatment reactions occur in the 
subsurface. The chemicals used are highly reactive, and may create heat and vapors which may exit to the surface. 
Potential release of vapors will require monitoring. Pilot testing will be used to determine reagent concentrations and to 
control reactions to minimize community exposure. Risks will be managed during injection by monitoring and 
engineering controls. Active treatment would not be conducted in residential areas.

DNAPL extraction system construction, if needed, would present similar risks as other general construction contracts. 
Exposure to dust and noise would be mitigated using BMPs. Once constructed, risks to the community would be 
relatively low. Any material handling as part of O&M would also need to follow BMPs.

Risks to workers 
during implementation 
of remedial action

There are a number of potential risks associated with working around reactive chemicals. Protection of on-site workers 
can be achieved via proper training, use of potential protective equipment, and engineering and administration controls. 
Pilot testing would be used to determine reagent concentrations and to control reactions to minimize worker exposure.

Workers may be exposed to contaminated materials during drilling, sampling, and DNAPL extraction. These risks are 
relatively low and can be mitigated through proper training, use of personal protective equipment, and engineering 
controls.

Short-Term Effectiveness

Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

NH-4537-2019 Nobis Engineering , Inc.
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Table 4-4
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 4 of 6

Detailed Analysis 
Criteria

Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment 
PDI, Nyacol/WAC In-Situ Treatment,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Environmental impacts

Implementation of Alternative GW-4 would require minor construction activity (such as drilling) for PDI and remedy 
implementation. Standard construction equipment would be used. Engineering controls such as erosion and 
sedimentation controls and dust control would be used to prevent migration of contaminated materials outside the work 
areas. Diligent use of engineering controls may be required close to sensitive areas such as the wetlands and Sudbury 
River.

Subsurface redox conditions would be changed during the ISCO injections and for up to several years after injections 
are completed. Metals concentrations may temporarily increase in groundwater. In addition, more toxic byproducts may 
be created. However, impacts are expected to be low.

Sustainability

Some energy and resources would be used during the PDI, installation of injection/extraction wells, and DNAPL 
extraction. 

Significant energy and resources would be used to produce, transport, and inject the volume of chemicals estimated to 
be required to treat the residual contamination at the Nyacol/WAC AOC. 

Time until remedial 
action objectives are 
achieved 

 It is estimated that the PRG for TCE would not be achieved for approximately 275 years in the Nyacol/WAC AOC and 
114 years in the downgradient plume AOC. 

Ability to construct and 
operate the technology

Construction activities would include installation of wells for both installation and injection. Access for in-situ treatment is 
limited in the Nyacol/WAC AOC due to the presence of active industrial facilities and a railroad track. Directional drilling 
(which would require more specialized contractors) may be used to access some locations; however, the density of 
locations needed for in-situ treatment may not be achieved. 

Specialized contractors are needed to implement in-situ chemical treatment, particularly in complex conditions. 
However, multiple qualified vendors are available to perform the work. The depth of the treatment zone and need to 
inject into bedrock would make it difficult to ensure complete treatment.

DNAPL extraction for removal is a well-developed technology that is currently in use at the Site.

Reliability of the 
technology

The contamination in weathered and deeper bedrock may make oxidant delivery difficult. The planned PDI and pilot 
testing will be used to tailor the injection to the Site characteristics to help improve reliability. However, the technology 
does not depend on outside power or controls, which would add to its reliability.

DNAPL extraction is expected to be reliable.

ICs can be a reliable means of preventing future contact with contaminated groundwater and vapor, provided that the 
ICs are relatively easy for local officials to monitor and enforce.

Use of VMS would minimize risk of VI exposure while groundwater concentrations remain above PRGs. However, 
adequacy of the VMS depend on system inspections and maintenance.

Ease of implementing 
additional remedial 
actions, if necessary

Future remedial actions could be implemented if necessary. Extraction and monitoring wells may be reconfigured to use 
as injection wells for water (to optimize hydraulic containment) or to inject reagents to optimize treatments at a later 
date. However, modifying  the chemistry of the aquifer may limit the effectiveness of other in-situ chemical treatment.

Implementability

Short-Term Effectiveness (cont.)
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Table 4-4
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 5 of 6

Detailed Analysis 
Criteria

Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment 
PDI, Nyacol/WAC In-Situ Treatment,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Ability to monitor 
effectiveness of the 
remedy

Additional monitoring wells are included in Alternative GW-4 to improve the current monitoring well network and to better 
develop the CSM.

The progress of the injection and its overall success will be monitored via collection and analysis of samples from the 
new wells and the existing monitoring well network. Groundwater monitoring would be performed prior to and 
immediately following injection, and then on a recurring basis to assess the treatment.

Effectiveness of the groundwater extraction/treatment systems and DNAPL extraction will be regularly be monitored as 
part of ongoing O&M.

Ability to obtain 
approvals from other 
agencies

All work would be conducted on a CERCLA site, so permits would not be required; however, the substantive 
requirements of ARARS would be met.

Implementation of ICs is administratively feasible. No approvals are required. Agreement on the specific requirements to 
be included in ICs would be required.

Coordination with other 
agencies

Monitoring, injection, and extraction well installation would require coordination with landowners and the Town of 
Ashland.

Implementation and recording of ICs would require coordination with local and state officials.

Availability of off-site 
treatment, storage, and 
disposal services 

Investigation derived waste from well installation and sampling may require off-site disposal at a TSDF, which are readily 
available. Extracted DNAPL would also require off-site disposal at a TSDF.

Availability of 
necessary equipment 
and specialists

Drilling contractors to perform installation of monitoring and recovery wells are readily available.  In-situ chemical 
treatment, while specialized, is available from a number of vendors.

Experienced regulators and attorneys are available to develop ICs.

Availability of 
prospective 
technologies

DNAPL extraction technologies are widely available. Several vendors produce and sell injection chemicals, although 
sufficient lead time may be required to ensure an adequate supply of chemical reagents.

Implementability (cont.)
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Table 4-4
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 6 of 6

Detailed Analysis 
Criteria

Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment 
PDI, Nyacol/WAC In-Situ Treatment,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Capital $14,986,000

Total Present Value 
O&M $5,547,000

Total Present Value 
Cost $20,533,000

Notes:

2. Abbreviations: IC = institutional control
PPA = potentially productive aquifer
VMS = vapor mitigation system
DNAPL = dense non-aqueous phase liquid
LTM = long-term monitoring
ARAR = applicable, relevant, and appropriate requirement
O&M = operations and maintenance

1. Total present value O&M cost presented is total cost for 30 years, including costs for Five-Year Reviews and a discount rate of 7% per EPA 540-
R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.

Costs
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Table 4-5A
Chemical-Specific ARARs for Alternative GW-4
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 2

Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

OSWER Technical Guide for Assessing and 
Mitigating the Vapor Intrusion Pathway from 
Subsurface Vapor Sources to Indoor Air 
(OSWER Publication 9200.2-154). June 2015.

This EPA guidance establishes a methodology for assessing potential 
indoor air risks to human health that may result from volatilization of 
contaminants from groundwater and soil vapor into an overlying 
building, using multiple lines of evidence.

To Be 
Considered

The methodology from the guidance was used to develop 
risk-based PRGs for target groundwater concentrations. 

EPA Vapor Intrusion Screening Level (VISL)  
calculator

EPA developed the VISLs as numerical screening levels to identify 
areas or buildings that may warrant further investigation of the vapor 
intrusion pathway.

To Be 
Considered VISLs were used to develop PRGs for groundwater.

Regional Screening Levels for Chemical 
Contaminants at Superfund Sites 
(https://www.epa.gov/risk/regional-screening-
levels-rsls-generic-tables)

Provides risk-based screening levels for various environmental media, 
for residential and industrial exposure scenarios, and for leaching of 
contaminants to groundwater.

To Be 
Considered

Regional screening levels for indoor air used to develop 
VISLs.

EPA Risk Reference Doses (RfDs) and EPA 
Carcinogen Assessment Group Cancer 
Potency Factors (CPFs)

RfDs are considered to be levels unlikely to cause significant adverse 
non-cancer health effects associated with lifetime exposure. RfDs are 
used to develop risk-based cleanup standards by computing human 
health hazards from exposure to non-carcinogens at the Site. CPFs 
are used as qualitative weight-of-evidence judgment as to the 
likelihood of a chemical being a carcinogen

To Be 
Considered

RfDs and CPFs will be used to establish risk-based 
standards for preventing exposure to groundwater and 
air. 

EPA Human Health Assessment Cancer 
Slope Factors (CSFs)

CSFs estimate the upper-bound probability of increased cancer risk 
from lifetime exposure to contaminants. Used to develop risk-based 
cleanup standards by computing the incremental cancer risk from 
exposure to carcinogens at the Site.

To Be 
Considered

CSFs will be used to establish risk-based standards for 
preventing exposure to groundwater. 

Guidelines for Carcinogenic Risk Assessment, 
EPA/630/P-03/001F, March 2005

Guidance values used to evaluate the potential carcinogenic hazard 
caused by Site contaminant exposure.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air. 

EPA Carcinogenic Assessment Group 
Potency Factors

These factors are used to evaluate an acceptable risk from a 
carcinogen.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air. 

Supplemental Guidance for Assessing 
Susceptibility from Early-Life Exposure to 
Carcinogens, EPA/630/R/03/003F, March 
2005

Guidance values used to evaluate the potential carcinogenic hazard to 
children caused by Site contaminant exposure.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air.

Federal Criteria, Advisories, and Guidance
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Table 4-5A
Chemical-Specific ARARs for Alternative GW-4
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 2 of 2

Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

MassDEP Vapor Intrusion Guidance: Site 
Assessment, Mitigation and Closure, Policy 
#WSC-16-435 (October 14, 2016),  Indoor Air 
Threshold Values

This guidance establishes threshold values for contaminants in indoor 
air, assuming that multiple contaminants are present.

To Be 
Considered

These values will be considered when establishing PRGs 
for VMS.

Massachusetts Contingency Plan (MCP), 
Method 1 Groundwater Standards, 310 CMR 
40.0000

The MCP has established a set of risk-based threshold concentrations 
that must be attained in order to achieve a condition of no significant 
risk for groundwater within a particular groundwater classification area.

To Be 
Considered

These values will be considered to develop vapor 
intrusion compliance limits for groundwater.

MCP, Method 3 Upper Concentration Limits, 
310 CMR 40.0996

The MCP GW-3 standards are intended to address ecological effects 
resulting from discharge of contaminants to surface water. Risk-based 
target values are modified by two dilution/attenuation factors to 
estimate an allowable concentration in groundwater discharging to a 
surface water body.

To Be 
Considered

These values will be considered to evaluate plume 
migration at areas where the plume intercepts the 
Sudbury River.

State Criteria, Advisories, and Guidance

NH-4537-2019 Nobis Engineering, Inc.



Table 4-6
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 7

Detailed Analysis 
Criteria

Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat
PDI, Nyacol/WAC In-Situ Treatment and Limited Pump and Treat,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Protection of 
human health

In-situ treatment, DNAPL extraction (if encountered in recoverable quantities) and hydraulic containment 
within the Nyacol/WAC AOC would reduce the source mass in-situ and minimize downgradient transport. 
However, this alternative does not directly address downgradient concentrations. Instead, downgradient 
concentrations would decrease slowly over time natural attenuation. Reduction of risk would occur over a very 
long period.

Maintenance of VMS would minimize contact to vapors from groundwater contamination while groundwater 
concentrations remain above PRGs.

LTM and five-year reviews would be used to ensure that the groundwater treatment systems effectively 
contain the plume, and to identify areas for additional DNAPL extraction and VMS adjustments.

Protection of the 
environment

In-situ treatment and DNAPL recovery would address the highest contamination at the Nyacol/WAC AOC, 
while groundwater pump and treat would capture any remaining concentrations. 

The downgradient contaminated groundwater plume would attenuate faster without the constant source input, 
but this may take a  significant time to reach groundwater standards.

Compliance with 
chemical-specific 
ARARs

ARARs are not available outside of the PPA. Would comply with chemical-specific vapor intrusion-based TBC 
criteria once source control is achieved and downgradient concentrations attenuate. This may take a long 
time. 

See Table 4-7a for details of compliance with chemical-specific ARARs.

Compliance with 
action-specific 
ARARs

Would meet action-specific ARARs.

See Table 4-7b for details of compliance with action-specific ARARs.

Compliance with 
location-specific 
ARARs

Would meet location-specific ARARs. 

See Table 4-7c for details of compliance with location-specific ARARs.

Compliance with ARARs

Overall Protection of Human Health and the Environment

NH-4537-2019 Nobis Engineering , Inc.
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Table 4-6
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 7

Detailed Analysis 
Criteria

Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat
PDI, Nyacol/WAC In-Situ Treatment and Limited Pump and Treat,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Magnitude of 
residual risk

The in-situ treatment and DNAPL recovery at the Nyacol/WAC AOC will minimize the residual risk in the 
source area. The use of groundwater pump and treat in this area will prevent contamination from migrating 
downgradient and capture residual groundwater contamination. However, contamination will remain in the 
downgradient plume AOC for a long time while undergoing natural attenuation. Long-term risk would be 
gradually diminished as the contamination is attenuated.

O&M of VMS would address risk from VI into structures, while long-term risk would be gradually diminished 
through natural attenuation.

Five-year reviews would be required since contaminants would remain at concentrations that would not allow 
unrestricted use.

Adequacy and 
reliability of 
controls

In-situ treatment would destroy contaminants in place, although the destruction efficiency would depend on 
the ability of the injections to contact the target contamination. DNAPL extraction would be a reliable way to 
reduce the most source mass. Using a groundwater extraction system in conjunction with in-situ treatment 
would optimize treatment in the Nyacol/WAC AOC and minimize the recontamination of the downgradient 
plume. However, natural attenuation of the downgradient plume would still be a relatively slow process.

Use of VMS would minimize risk of VI exposure while groundwater concentrations remain above PRGs. 
However, adequacy of the VMS depend on system inspections and maintenance.

ICs would decrease future risks by preventing contact with contaminated groundwater and air.

LTM and five-year reviews will allow for periodic evaluation of groundwater quality and identification of any 
changes of conditions that may result in increased risk.

Long-Term Effectiveness and Permanence

NH-4537-2019 Nobis Engineering , Inc.
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Table 4-6
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 7

Detailed Analysis 
Criteria

Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat
PDI, Nyacol/WAC In-Situ Treatment and Limited Pump and Treat,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Treatment process 
used & materials 
treated

The primary source of contamination would be addressed via in-situ treatment using in-situ treatment and 
DNAPL recovery. The oxidant selected is intended to treat the full spectrum of Site contamination. 
Groundwater at the Nyacol/WAC AOC would also be removed via extraction wells and treated ex-situ. 
Activated carbon may be used to treat vapors generated during treatment. 

Contaminant concentrations in the downgradient plume AOC would gradually decrease through natural 
attenuation. This process is expected to be more effective with source area treatment and groundwater 
extraction.

Amount of 
hazardous 
materials removed 
or treated

The highest concentrations in the source zone (Nyacol/WAC AOC), which would include residual 
contamination and DNAPL, would be treated in-situ. DNAPL in recoverable quantities would be removed 
directly. In-situ treatment is expected to reach a much larger volume of residual contamination than DNAPL 
extraction, and to be more effective than treating the dissolved concentrations alone. The source area pump 
and treat system would capture a larger volume of dissolved contamination than the targeted area for the in-
situ treatment. 

GW-5 does not include direct removal or treatment of contamination in the downgradient plume AOC. 
However, removal of source mass would allow for natural attenuation to occur much faster.

A minimal amount of contamination is expected to be removed via VMS, which are intended to only reduce 
exposure to contaminants.

Reduction of Toxicity, Mobility, and Volume Through Treatment

NH-4537-2019 Nobis Engineering , Inc.
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Table 4-6
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 4 of 7

Detailed Analysis 
Criteria

Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat
PDI, Nyacol/WAC In-Situ Treatment and Limited Pump and Treat,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Reduction in 
toxicity, mobility, or 
volume through 
treatment

In-situ treatment would destroy residual contamination in place at the Nyacol/WAC AOC. Extraction of 
recoverable DNAPL would reduce future contaminant mobility. Groundwater pumping would capture 
dissolved contamination and treat it prior to discharge. Both remedial methods will reduce the contaminant 
volume through treatment. In addition, capturing the dissolved phase contamination in the source zone will 
reduce mobility downgradient.

Natural plume attenuation (which will reduce groundwater toxicity) will be enhanced with source removal; 
however, this will still take a long time.

A minimal amount of contamination is expected to be removed via VMS. VMS will not reduce the toxicity, 
mobility, or volume of contaminants, as they are intended to only reduce exposure to contaminants.

Degree to which 
the treatment is 
reversible

In-situ treatment of residual contamination and extraction of DNAPL and groundwater for treatment and 
disposal are irreversible.

Natural attenuation of contaminants in the rest of the plume would occur over a very long period, but those 
changes would be irreversible.

The protection offered by the VMS and groundwater extraction in the Nyacol/WAC AOC would end if they 
stopped operation or were compromised.

Type and quantity 
of residuals 
remaining after 
treatment

Groundwater ex-situ treatment may result in concentrated material sorbed onto material such as granular 
activated carbon (GAC), which would be replaced. GAC may be regenerated and reused.

ISCO reagents that do not react with the target contamination are expected to migrate downgradient and 
react with soil organic material. ISCO may cause temporary changes in aquifer chemistry, particularly in areas 
that currently have anaerobic conditions. This may cause mobilization of metals until the aquifer conditions 
return to the original condition after injection.

Groundwater in the downgradient plume would undergo natural attenuation. Natural attenuation processes 
would, in the long term, result in the mineralization of VOCs and SVOCs to non-hazardous chemicals such as 
ethene, oxygen, carbon dioxide, chloride, and hydrogen. Under natural processes, degradation daughter 
products such as vinyl chloride, which is more toxic and mobile than the parent products, may accumulate.

Satisfies statutory 
preference for 
treatment

This alternative addresses the principal threat (DNAPL) and the contamination dissolved in groundwater 
within the Nyacol/WAC AOC. Extracted groundwater would be treated to meet disposal requirements prior to 
discharge. The alternative does not include active treatment for the downgradient plume AOC.

Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)
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Table 4-6
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 5 of 7

Detailed Analysis 
Criteria

Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat
PDI, Nyacol/WAC In-Situ Treatment and Limited Pump and Treat,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Risks to community 
during 
implementation of 
remedial action

Risk to the off-site community during implementation are low to moderate, as the treatment reactions occur in 
the subsurface. The chemicals used are highly reactive, and may create heat and vapors which may exit to 
the surface. Potential release of vapors will require monitoring. Pilot testing will be used to determine reagent 
concentrations and to control reactions to minimize community exposure. Risks will be managed during 
injection by monitoring and engineering controls. Active treatment would not be conducted in residential 
areas.

Groundwater (and DNAPL, if encountered in sufficient quantity) extraction system construction would present 
similar risks as other general construction contracts. Exposure to dust and noise would be mitigated using 
BMPs. Once constructed, risks to the community would be relatively low. Release of vapors from the 
groundwater treatment system would require monitoring to minimize risks to the community. Any material 
handling as part of O&M would also need to follow BMPs.

Risks to workers 
during 
implementation of 
remedial action

There are a number of potential risks associated with working around reactive chemicals. Protection of on-site 
workers can be achieved via proper training, use of potential protective equipment, and engineering and 
administration controls. Pilot testing would be used to determine reagent concentrations and to control 
reactions to minimize worker exposure.

Workers may be exposed to contaminated materials during drilling, sampling, groundwater treatment system 
O&M, and DNAPL extraction system O&M. These risks are relatively low and can be mitigated through proper 
training, use of personal protective equipment, and engineering controls.

Environmental 
impacts

Implementation of Alternative GW-5 would require minor construction activity (such as drilling and potentially 
digging utility trenches) for PDI and remedy implementation. Standard construction equipment would be used. 
Engineering controls such as erosion and sedimentation controls and dust control would be used to prevent 
migration of contaminated materials outside the work areas. Diligent use of engineering controls may be 
required close to sensitive areas such as the wetlands and Sudbury River.

Subsurface redox conditions would be changed during the ISCO injections and for up to several years after 
injections are completed. Metals concentrations may temporarily increase in groundwater. In addition, more 
toxic byproducts may be created. However, impacts are expected to be low.

There are no significant environmental impacts associated with installation and O&M of groundwater 
extraction systems.

Sustainability

Some energy and resources would be used during the PDI, installation of injection/extraction wells, and 
groundwater treatment system construction. 

Significant energy and resources would be used to produce, transport, and inject the volume of chemicals 
estimated to be required to treat the Nyacol/WAC AOC residual contamination. However, the injection would 
allow the groundwater extraction system to run for a shorter timeframe, providing better long-term 
sustainability.

Groundwater extraction and treatment is estimated to take a very long time and would require significant 
resources, including electricity and reaction media. Some treatment residuals would also be generated that 
would require disposal. LTM and O&M for the groundwater system would also require regular resources.

Short-Term Effectiveness
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Table 4-6
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 6 of 7

Detailed Analysis 
Criteria

Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat
PDI, Nyacol/WAC In-Situ Treatment and Limited Pump and Treat,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Time until remedial 
action objectives 
are achieved 

 It is estimated that the PRG for TCE would not be achieved for approximately 140 years in the Nyacol/WAC 
AOC and 44 years in the downgradient plume AOC. 

Ability to construct 
and operate the 
technology

Construction activities would include installation of wells for both installation and injection. Access for in-situ 
treatment is limited in the Nyacol/WAC AOC due to the presence of active industrial facilities and a railroad 
track. Directional drilling (which would require more specialized contractors) may be used to access some 
locations; however, the density of locations needed for in-situ treatment may not be achieved. Groundwater 
extraction may help to increase the relative effectiveness of this technology.

Specialized contractors are needed to implement in-situ chemical treatment, particularly in complex 
conditions. However, multiple qualified vendors are available to perform the work. The depth of the treatment 
zone and need to inject into bedrock would make it difficult to ensure complete treatment.

Groundwater extraction and treatment is a very well-developed technology. A large number of contaminants 
are present in the groundwater; however, they can be treated using standard methods. A treatment train can 
be employed to treat recalcitrant compounds that are not as readily treated. Likewise, DNAPL extraction for 
removal is a well-developed technology that is currently in use at the Site.

Reliability of the 
technology

The contamination in weathered and deeper bedrock may make oxidant delivery difficult. The planned PDI 
and pilot testing will be used to tailor the injection to the Site characteristics to help improve reliability. 
However, the technology does not depend on outside power or controls, which would add to its reliability.

Groundwater treatment systems and DNAPL extraction systems are expected to be reliable.

ICs can be a reliable means of preventing future contact with contaminated groundwater and vapor, provided 
that the ICs are relatively easy for local officials to monitor and enforce.

Use of VMS would minimize risk of VI exposure while groundwater concentrations remain above PRGs. 
However, adequacy of the VMS depend on system inspections and maintenance.

Ease of 
implementing 
additional remedial 
actions, if 
necessary

Future remedial actions could be implemented if necessary. Extraction and monitoring wells may be 
reconfigured to use as injection wells for water (to optimize hydraulic containment) or to inject reagents to 
optimize treatments at a later date. However, modifying  the chemistry of the aquifer may limit the 
effectiveness of other in-situ chemical treatment.

Ability to monitor 
effectiveness of the 
remedy

Additional monitoring wells are included in Alternative GW-5 to improve the current monitoring well network 
and to better develop the CSM.

The progress of the injection and its overall success will be monitored via collection and analysis of samples 
from the new wells and the existing monitoring well network. Groundwater monitoring would be performed 
prior to and immediately following injection, and then on a recurring basis to assess the treatment.

Effectiveness of the groundwater extraction/treatment systems and DNAPL extraction will be regularly be 
monitored as part of ongoing O&M.

Implementability

Short-Term Effectiveness (cont.)
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Table 4-6
Detailed Analysis of GW-4

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 7 of 7

Detailed Analysis 
Criteria

Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat
PDI, Nyacol/WAC In-Situ Treatment and Limited Pump and Treat,

ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Ability to obtain 
approvals from 
other agencies

All work would be conducted on a CERCLA site, so permits would not be required; however, the substantive 
requirements of ARARS would be met.

Implementation of ICs is administratively feasible. No approvals are required. Agreement on the specific 
requirements to be included in ICs would be required.

Availability of off-
site treatment, 
storage, and 
disposal services 

Investigation derived waste from well installation and sampling may require off-site disposal at TSDF, which 
are readily available. Extracted groundwater would be treated and discharged on-site, but treatment residuals 
such as spent GAC would be sent for off-site disposal and/or reclamation (such as recharging of spent GAC) 
if possible. Extracted DNAPL would be sent to a TSDF.

Availability of 
necessary 
equipment and 
specialists

Drilling contractors to perform installation of monitoring and recovery wells are readily available. Contractors 
are also available to construct groundwater treatment facilities. In-situ chemical treatment, while specialized, 
is available from a number of vendors.

Experienced regulators and attorneys are available to develop ICs.

Availability of 
prospective 
technologies

Groundwater extraction/treatment and DNAPL extraction technologies are widely available. Several vendors 
produce and sell injection chemicals, although sufficient lead time may be required to ensure an adequate 
supply of chemical reagents.

Capital $18,710,000

Total Present Value 
O&M $16,609,000

Total Present Value 
Cost $35,319,000

Notes:

2. Abbreviations: IC = institutional control
PPA = potentially productive aquifer
VMS = vapor mitigation system
DNAPL = dense non-aqueous phase liquid
LTM = long-term monitoring
ARAR = applicable, relevant, and appropriate requirement
O&M = operations and maintenance

1. Total present value O&M cost presented is total cost for 30 years, including costs for Five-Year Reviews and a discount rate of 
7% per EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.

Costs

Implementability (cont.)
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Table 4-7A
Chemical-Specific ARARs for Alternative GW-5
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 2

Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

OSWER Technical Guide for Assessing and 
Mitigating the Vapor Intrusion Pathway from 
Subsurface Vapor Sources to Indoor Air 
(OSWER Publication 9200.2-154). June 2015.

This EPA guidance establishes a methodology for assessing potential 
indoor air risks to human health that may result from volatilization of 
contaminants from groundwater and soil vapor into an overlying 
building, using multiple lines of evidence.

To Be 
Considered

The methodology from the guidance was used to 
develop risk-based PRGs for target groundwater 
concentrations. 

EPA Vapor Intrusion Screening Level (VISL)  
calculator

EPA developed the VISLs as numerical screening levels to identify 
areas or buildings that may warrant further investigation of the vapor 
intrusion pathway.

To Be 
Considered VISLs were used to develop PRGs for groundwater.

Regional Screening Levels for Chemical 
Contaminants at Superfund Sites 
(https://www.epa.gov/risk/regional-screening-
levels-rsls-generic-tables)

Provides risk-based screening levels for various environmental media, 
for residential and industrial exposure scenarios, and for leaching of 
contaminants to groundwater.

To Be 
Considered

Regional screening levels for indoor air used to develop 
VISLs.

EPA Risk Reference Doses (RfDs) and EPA 
Carcinogen Assessment Group Cancer 
Potency Factors (CPFs)

RfDs are considered to be levels unlikely to cause significant adverse 
non-cancer health effects associated with lifetime exposure. RfDs are 
used to develop risk-based cleanup standards by computing human 
health hazards from exposure to non-carcinogens at the Site. CPFs 
are used as qualitative weight-of-evidence judgment as to the 
likelihood of a chemical being a carcinogen

To Be 
Considered

RfDs and CPFs will be used to establish risk-based 
standards for preventing exposure to groundwater and 
air. 

EPA Human Health Assessment Cancer 
Slope Factors (CSFs)

CSFs estimate the upper-bound probability of increased cancer risk 
from lifetime exposure to contaminants. Used to develop risk-based 
cleanup standards by computing the incremental cancer risk from 
exposure to carcinogens at the Site.

To Be 
Considered

CSFs will be used to establish risk-based standards for 
preventing exposure to groundwater. 

Guidelines for Carcinogenic Risk Assessment, 
EPA/630/P-03/001F, March 2005

Guidance values used to evaluate the potential carcinogenic hazard 
caused by Site contaminant exposure.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air. 

EPA Carcinogenic Assessment Group 
Potency Factors

These factors are used to evaluate an acceptable risk from a 
carcinogen.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air. 

Supplemental Guidance for Assessing 
Susceptibility from Early-Life Exposure to 
Carcinogens, EPA/630/R/03/003F, March 
2005

Guidance values used to evaluate the potential carcinogenic hazard to 
children caused by Site contaminant exposure.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air.

Federal Criteria, Advisories, and Guidance
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Table 4-7A
Chemical-Specific ARARs for Alternative GW-5
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 2 of 2

Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

MassDEP Vapor Intrusion Guidance: Site 
Assessment, Mitigation and Closure, Policy 
#WSC-16-435 (October 14, 2016),  Indoor Air 
Threshold Values

This guidance establishes threshold values for contaminants in indoor 
air, assuming that multiple contaminants are present.

To Be 
Considered

These values will be considered when establishing 
PRGs for VMS.

Massachusetts Contingency Plan (MCP), 
Method 1 Groundwater Standards, 310 CMR 
40.0000

The MCP has established a set of risk-based threshold concentrations 
that must be attained in order to achieve a condition of no significant 
risk for groundwater within a particular groundwater classification area.

To Be 
Considered

These values will be considered to develop vapor 
intrusion compliance limits for groundwater.

MCP, Method 3 Upper Concentration Limits, 
310 CMR 40.0996

The MCP GW-3 standards are intended to address ecological effects 
resulting from discharge of contaminants to surface water. Risk-based 
target values are modified by two dilution/attenuation factors to 
estimate an allowable concentration in groundwater discharging to a 
surface water body.

To Be 
Considered

These values will be considered to evaluate plume 
migration at areas where the plume intercepts the 
Sudbury River.

State Criteria, Advisories, and Guidance
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Table 4-8
Detailed Analysis of GW-8

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 7

Detailed Analysis Criteria

Alternative GW-8: Nyacol/WAC AOC Combined Treatment; Downgradient Plume AOC In-Situ 
Treatment

PDI, Nyacol/WAC In-Situ Treatment/Limited Pump and treat, Downgradient Plume In-Situ Treatment, ICs, 
VMS, DNAPL Extraction, LTM, 5-Year Reviews

Protection of human health

In-situ treatment, hydraulic containment, and DNAPL extraction within the Nyacol/WAC AOC would reduce 
the source mass in-situ and minimize downgradient transport. In-situ treatment within the downgradient plume 
AOC would reduce source mass in-situ; however, any contamination missed by the injections would not be 
addressed. Injection locations in the downgradient plume may be limited because of access considerations.

Maintenance of VMS would minimize contact to vapors from groundwater contamination. 

LTM and five-year reviews would be used to ensure that the groundwater treatment systems effectively 
contain the plume, and to identify areas for additional VMS adjustments.

Protection of the 
environment

DNAPL extraction (for recoverable DNAPL, if encountered) and in-situ treatment (for residual contamination) 
would address the highest contamination at the Nyacol/WAC AOC.

Any contamination that is missed, particularly in the downgradient plume (which will have relatively limited 
injection), would remain as a source of contamination to groundwater.

Compliance with chemical-
specific ARARs

ARARs are not available outside of the PPA. Would meet vapor-intrusion-based TBC criteria in groundwater 
in the Nyacol/WAC AOC for as long as hydraulic controls are in place. In the downgradient plume AOC, would 
meet TBCs in the immediate vicinity of the injection areas, but not outside of these areas. However, reducing 
the highest concentrations would allow for natural attenuation to proceed further without treatment, allowing 
for eventual attainment of TBC criteria. 

See Table 4-9a for details of compliance with chemical-specific ARARs.

Compliance with action-
specific ARARs

Would meet action-specific ARARs.

See Table 4-9b for details of compliance with action-specific ARARs.

Compliance with location-
specific ARARs

Would meet location-specific ARARs.

See Table 4-9c for details of compliance with location-specific ARARs.

Compliance with ARARs

Overall Protection of Human Health and the Environment

NH-4537-2019 Nobis Engineering , Inc.
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Table 4-8
Detailed Analysis of GW-8

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 7

Detailed Analysis Criteria

Alternative GW-8: Nyacol/WAC AOC Combined Treatment; Downgradient Plume AOC In-Situ 
Treatment

PDI, Nyacol/WAC In-Situ Treatment/Limited Pump and treat, Downgradient Plume In-Situ Treatment, ICs, 
VMS, DNAPL Extraction, LTM, 5-Year Reviews

Magnitude of residual risk

The in-situ treatment at the Nyacol/WAC AOC will minimize the residual risk in the source area. Extraction of 
recoverable DNAPL would also reduce contaminant mass to reduce residual risk. The use of groundwater 
pump and treat in this area will prevent contamination from migrating downgradient and capture residual 
groundwater contamination. In-situ treatment at the downgradient plume AOC will reduce residual risk in 
areas where the injections reach. Long-term risk would be gradually diminished through natural attenuation, 
but this process is expected to be significantly faster if most of the residual contamination can be addressed.

The VMS address immediate risk from VI into structures. Groundwater extraction and treatment would reduce 
the residual risk to vapor intrusion, but would not immediately reduce sorbed contamination in the subsurface.

Five-year reviews would be required since contaminants would remain at concentrations that would not allow 
unrestricted use.

Adequacy and reliability of 
controls

In-situ treatment would destroy contaminants in place, although the destruction efficiency would depend on 
the ability of the injections to contact the target contamination. DNAPL extraction would remove the most 
chemical mass, but locating recoverable quantities is extremely difficult. Using a groundwater extraction 
system in conjunction with in-situ treatment would optimize treatment in the Nyacol/WAC AOC and minimize 
the recontamination of the downgradient plume AOC. Injections in the downgradient plume AOC would be 
less reliable because of expected access issues preventing injections in all areas, but the resulting reduction 
in contaminant mass is expected to help with overall plume degradation

O&M of VMS would minimize risk of VI exposure while groundwater concentrations remain above PRGs. 

ICs would decrease future risks by preventing contact with contaminated groundwater and air.

LTM and five-year reviews will allow for periodic evaluation of groundwater quality and identification of any 
changes of conditions that may result in increased risk.

Long-Term Effectiveness and Permanence

NH-4537-2019 Nobis Engineering , Inc.
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Table 4-8
Detailed Analysis of GW-8

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 7

Detailed Analysis Criteria

Alternative GW-8: Nyacol/WAC AOC Combined Treatment; Downgradient Plume AOC In-Situ 
Treatment

PDI, Nyacol/WAC In-Situ Treatment/Limited Pump and treat, Downgradient Plume In-Situ Treatment, ICs, 
VMS, DNAPL Extraction, LTM, 5-Year Reviews

Treatment process used & 
materials treated

The primary source of contamination would be addressed via in-situ treatment using ISCO. The oxidant 
selected is intended to treat the full spectrum of Site contamination. Extracted DNAPL would not be treated on-
Site, but would be disposed appropriately off-site. Groundwater at Nyacol/WAC would also be removed via 
extraction wells and treated ex-situ. Activated carbon may be used to treat vapors generated during 
treatment. 

Contaminant concentrations in the downgradient plume would gradually decrease through natural attenuation. 
This process is expected to be more effective with source area treatment and groundwater extraction.

Amount of hazardous 
materials removed or 
treated

The highest concentrations in the source zone (Nyacol/WAC AOC), which would include residual 
contamination and DNAPL, would be treated in-situ. Recoverable DNAPL would be removed directly via 
extraction systems. In-situ treatment is expected to reach a much larger volume of residual contamination 
than DNAPL extraction, and to be more effective than treating the dissolved concentrations alone. 

Groundwater at the Nyacol/WAC AOC would be pumped and treated to remove dissolved-phase 
contamination. This would remove a relatively small amount of contaminant mass. Residual contamination in 
the plume area would be addressed with limited in-situ treatment, access permitted.

Reduction in toxicity, 
mobility, or volume through 
treatment

In-situ treatment would destroy residual contamination and DNAPL in place at the Nyacol/WAC AOC and the 
downgradient plume AOC.  Groundwater pumping at the Nyacol/WAC AOC would capture dissolved 
contamination and treat it prior to discharge. Both remedial methods will reduce the contaminant volume 
through treatment. Recoverable DNAPL will be removed via DNAPL extraction systems for off-site disposal, 
reducing uncontrolled mobility in the subsurface.

Natural plume attenuation (which will reduce groundwater toxicity) will be enhanced with source removal and 
targeted plume treatment.

Degree to which the 
treatment is reversible

In-situ treatment of residual contamination, DNPAL extraction, and ex-situ treatment of extracted groundwater 
is irreversible.

Natural attenuation of remaining contaminants away from the active treatment would occur over a long period, 
but those changes would be irreversible.

The protection offered by the VMS and groundwater extraction would end if they stopped operation or were 
compromised.

Reduction of Toxicity, Mobility, and Volume Through Treatment

NH-4537-2019 Nobis Engineering , Inc.



Table 4-8
Detailed Analysis of GW-8

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 4 of 7

Detailed Analysis Criteria

Alternative GW-8: Nyacol/WAC AOC Combined Treatment; Downgradient Plume AOC In-Situ 
Treatment

PDI, Nyacol/WAC In-Situ Treatment/Limited Pump and treat, Downgradient Plume In-Situ Treatment, ICs, 
VMS, DNAPL Extraction, LTM, 5-Year Reviews

Type and quantity of 
residuals remaining after 
treatment

Groundwater ex-situ treatment may result in concentrated material sorbed onto material such as granular 
activated carbon (GAC), which would be replaced. GAC may be regenerated and reused.

No residuals would remain on-site after DNAPL extraction and off-site disposal.

ISCO reagents that do not react with the target contamination are expected to migrate downgradient and 
react with soil organic material. ISCO may cause temporary changes in aquifer chemistry, particularly in areas 
that currently have anaerobic conditions. This may cause mobilization of metals until the aquifer conditions 
return to the original condition after injection.

Groundwater in the downgradient plume would also undergo natural attenuation. Natural attenuation 
processes would, in the long term, result in the mineralization of VOCs and SVOCs to non-hazardous 
chemicals such as ethene, oxygen, carbon dioxide, chloride, and hydrogen. Under natural processes, 
degradation daughter products such as vinyl chloride, which is more toxic and mobile than the parent 
products, may accumulate.

Satisfies statutory 
preference for treatment

This alternative addresses the principal threat (DNAPL), residual contamination, and the contamination 
dissolved in groundwater at the Nyacol/WAC AOC. Extracted groundwater would be treated to meet disposal 
requirements prior to discharge. 

Risks to community during 
implementation of remedial 
action

Risk to the off-site community during ISCO are low to moderate, as the treatment reactions occur in the 
subsurface. The chemicals used are highly reactive, and may create heat and vapors which may exit to the 
surface. Potential release of vapors will require monitoring. Pilot testing will be used to determine reagent 
concentrations and to control reactions to minimize community exposure. Risks will be managed by 
monitoring and engineering controls.

Groundwater and DNAPLextraction system construction would present similar risks to other general 
construction. Exposure to dust and noise would be mitigated using BMPs. Once constructed, risks to the 
community would be relatively low. Release of vapors from the groundwater treatment system would require 
monitoring to minimize risks to the community. Any material handling as part of O&M would also need to 
follow BMPs.

Risks to workers during 
implementation of remedial 
action

There are a number of potential risks associated with working around reactive chemicals. Protection of on-site 
workers can be achieved via proper training, use of potential protective equipment, and engineering and 
administration controls. Pilot testing would be used to determine reagent concentrations and to control 
reactions to minimize worker exposure.

Workers may be exposed to contaminated materials during drilling, sampling, and groundwater treatment 
system O&M. These risks are relatively low and can be mitigated through proper training, use of personal 
protective equipment, and engineering controls.

Risk to workers during O&M of VMS is expected to be extremely low and can be mitigated with advanced 
planning and a field health and safety program for workers.

Short-Term Effectiveness

Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

NH-4537-2019 Nobis Engineering , Inc.



Table 4-8
Detailed Analysis of GW-8

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 5 of 7

Detailed Analysis Criteria

Alternative GW-8: Nyacol/WAC AOC Combined Treatment; Downgradient Plume AOC In-Situ 
Treatment

PDI, Nyacol/WAC In-Situ Treatment/Limited Pump and treat, Downgradient Plume In-Situ Treatment, ICs, 
VMS, DNAPL Extraction, LTM, 5-Year Reviews

Environmental impacts

Implementation would require minor construction activity (such as drilling and potentially digging utility 
trenches) for PDI and remedy implementation. Standard construction equipment would be used. Engineering 
controls such as erosion and sedimentation controls and dust control would be used to prevent migration of 
contaminated materials outside the work areas. Diligent use of engineering controls may be required close to 
sensitive areas such as the wetlands and Sudbury River.

Subsurface redox conditions would be changed during the ISCO injections and for up to several years after 
injections are completed. Metals concentrations may temporarily increase in groundwater. In addition, more 
toxic byproducts may be created. However, impacts are expected to be low.

There are no significant environmental impacts associated with installation and O&M of groundwater or 
DNAPL extraction systems, or with O&M of VMS.

Sustainability

Some energy and resources would be used during the PDI, installation of injection/extraction wells, and 
groundwater treatment system construction. VMS require minimal electricity to run.

Significant energy and resources would be used to produce, transport, and inject the volume of chemicals 
estimated to be required to treat the residual contamination at the Nyacol/WAC AOC and in the downgradient 
plume AOC. However, the injection would allow the groundwater extraction system at the Nyacol/WAC AOC 
to run for a shorter timeframe, providing better long-term sustainability.

Groundwater extraction and treatment is estimated to take a long time and would require significant 
resources, including electricity and reaction media. Some treatment residuals would also be generated that 
would require disposal. LTM and O&M for the groundwater system would also require regular resources.

Time until remedial action 
objectives are achieved 

 It is estimated that the PRG for TCE would not be achieved for approximately 140 years in the Nyacol/WAC 
AOC and 44 years in the downgradient plume AOC. 

Short-Term Effectiveness (cont.)
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Table 4-8
Detailed Analysis of GW-8

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 6 of 7

Detailed Analysis Criteria

Alternative GW-8: Nyacol/WAC AOC Combined Treatment; Downgradient Plume AOC In-Situ 
Treatment

PDI, Nyacol/WAC In-Situ Treatment/Limited Pump and treat, Downgradient Plume In-Situ Treatment, ICs, 
VMS, DNAPL Extraction, LTM, 5-Year Reviews

Ability to construct and 
operate the technology

Construction activities would include installation of wells for both installation and injection. Access for in-situ 
treatment is limited in the Nyacol/WAC AOC due to the presence of active industrial facilities and a railroad 
track. Directional drilling (which would require more specialized contractors) may be used to access some 
locations; however, the density of locations needed for in-situ treatment may not be achieved. Groundwater 
extraction may help to increase the relative effectiveness of this technology.

Specialized contractors are needed to implement in-situ chemical treatment, particularly in complex 
conditions. However, multiple qualified vendors are available to perform the work. The depth of the treatment 
zone in the downgradient plume AOC and need to inject into bedrock in the Nyacol/WAC AOC would make it 
difficult to ensure complete treatment.

DNAPL extraction and groundwater extraction and treatment involve well-developed technology. A large 
number of contaminants are present in the groundwater; however, they can be treated using standard 
methods. A treatment train can be employed to treat recalcitrant compounds that are not as readily treated.

VMS are commonly used technologies that can be easily implemented and can have limited impacts on 
business and residences.

Reliability of the 
technology

The contamination in weathered and deeper bedrock (and deep overburden in the plume) may make oxidant 
delivery difficult. The planned PDI and pilot testing will be used to tailor the injection to the Site characteristics 
to help improve reliability. However, the technology does not depend on outside power or controls, which 
would add to its reliability.

Groundwater extraction and treatment systems are expected to be reliable. DNAPL extraction systems are 
also generally reliable.

ICs can be a reliable means of preventing future contact with contaminated groundwater and vapor, provided 
that the ICs are relatively easy for local officials to monitor and enforce.

Use of VMS would minimize risk of VI exposure while groundwater concentrations remain above PRGs. 
However, adequacy of the VMS depend on system inspections and maintenance..

Ease of implementing 
additional remedial actions, 
if necessary

Future remedial actions could be implemented if necessary. Extraction and monitoring wells may be 
reconfigured to use as injection wells for water (to optimize hydraulic containment) or to inject reagents to 
optimize treatments at a later date. Wells installed for other purposes may also be reconfigured for DNAPL 
extraction if recoverable volumes of DNAPL are identified. However, modifying the chemistry of the aquifer 
may limit the effectiveness of other in-situ chemical treatment.

Ability to monitor 
effectiveness of the remedy

Additional monitoring wells are included in Alternative GW-8 to improve the current monitoring well network 
and to better develop the CSM.

The progress of the injection and its overall success will be monitored via collection and analysis of samples 
from the new wells and the existing monitoring well network. Groundwater monitoring would be performed 
prior to and immediately following injection, and then on a recurring basis to assess the treatment.

Effectiveness of the groundwater extraction systems and the VMS will be regularly be monitored as part of 
ongoing O&M.

Implementability

NH-4537-2019 Nobis Engineering , Inc.



Table 4-8
Detailed Analysis of GW-8

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 7 of 7

Detailed Analysis Criteria

Alternative GW-8: Nyacol/WAC AOC Combined Treatment; Downgradient Plume AOC In-Situ 
Treatment

PDI, Nyacol/WAC In-Situ Treatment/Limited Pump and treat, Downgradient Plume In-Situ Treatment, ICs, 
VMS, DNAPL Extraction, LTM, 5-Year Reviews

Ability to obtain approvals 
from other agencies

All work would be conducted on a CERCLA site, so permits would not be required; however, the substantive 
requirements of ARARS would be met.

Implementation of ICs is administratively feasible. No approvals are required. Agreement on the specific 
requirements to be included in ICs would be required.

Coordination with other 
agencies

Monitoring, injection, and extraction well installation would require coordination with landowners and the Town 
of Ashland.

Implementation and recording of ICs would require coordination with local and state officials.

Availability of off-site 
treatment, storage, and 
disposal services 

IDW from well installation and sampling may require off-site disposal at TSDF, which are readily available. 
Extracted DNAPL would also require off-site disposal at a TSDF. Extracted groundwater would be treated and 
discharged on-site, but treatment residuals such as spent GAC would be sent for off-site disposal and/or 
reclamation (such as recharging of spent GAC) if possible.

Availability of necessary 
equipment and specialists

Drilling contractors to install monitoring and recovery wells are readily available. Contractors are also 
available to construct groundwater and DNAPL extraction and groundwater treatment facilities. In-situ 
chemical treatment, while specialized, is available from a number of vendors.

Experienced regulators and attorneys are available to develop ICs.

Availability of prospective 
technologies

Groundwater and DNAPL extraction and groundwater treatment technologies are widely available. Several 
vendors produce and sell injection chemicals, although sufficient lead time may be required to ensure an 
adequate supply of chemical reagents.

Capital $43,334,000

Total Present Value O&M $13,694,000

Total Present Value Cost $57,028,000

Notes:

2. Abbreviations: IC = institutional control
PPA = potentially productive aquifer
VMS = vapor mitigation system
DNAPL = dense non-aqueous phase liquid
LTM = long-term monitoring
ARAR = applicable, relevant, and appropriate requirement
O&M = operations and maintenance

1. Total present value O&M cost presented is total cost for 30 years, including costs for Five-Year Reviews and a discount rate of 7% per 
EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.

Costs

Implementability (cont.)

NH-4537-2019 Nobis Engineering , Inc.
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Table 4-9A
Chemical-Specific ARARs for Alternative GW-8
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 2

Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

OSWER Technical Guide for Assessing and 
Mitigating the Vapor Intrusion Pathway from 
Subsurface Vapor Sources to Indoor Air 
(OSWER Publication 9200.2-154). June 2015.

This EPA guidance establishes a methodology for assessing potential 
indoor air risks to human health that may result from volatilization of 
contaminants from groundwater and soil vapor into an overlying 
building, using multiple lines of evidence.

To Be 
Considered

The methodology from the guidance was used to develop 
risk-based PRGs for target groundwater concentrations. 

EPA Vapor Intrusion Screening Level (VISL)  
calculator

EPA developed the VISLs as numerical screening levels to identify 
areas or buildings that may warrant further investigation of the vapor 
intrusion pathway.

To Be 
Considered VISLs were used to develop PRGs for groundwater.

Regional Screening Levels for Chemical 
Contaminants at Superfund Sites 
(https://www.epa.gov/risk/regional-screening-
levels-rsls-generic-tables)

Provides risk-based screening levels for various environmental media, 
for residential and industrial exposure scenarios, and for leaching of 
contaminants to groundwater.

To Be 
Considered

Regional screening levels for indoor air used to develop 
VISLs.

EPA Risk Reference Doses (RfDs) and EPA 
Carcinogen Assessment Group Cancer 
Potency Factors (CPFs)

RfDs are considered to be levels unlikely to cause significant adverse 
non-cancer health effects associated with lifetime exposure. RfDs are 
used to develop risk-based cleanup standards by computing human 
health hazards from exposure to non-carcinogens at the Site. CPFs 
are used as qualitative weight-of-evidence judgment as to the 
likelihood of a chemical being a carcinogen

To Be 
Considered

RfDs and CPFs will be used to establish risk-based 
standards for preventing exposure to groundwater and 
air. 

EPA Human Health Assessment Cancer 
Slope Factors (CSFs)

CSFs estimate the upper-bound probability of increased cancer risk 
from lifetime exposure to contaminants. Used to develop risk-based 
cleanup standards by computing the incremental cancer risk from 
exposure to carcinogens at the Site.

To Be 
Considered

CSFs will be used to establish risk-based standards for 
preventing exposure to groundwater. 

Guidelines for Carcinogenic Risk Assessment, 
EPA/630/P-03/001F, March 2005

Guidance values used to evaluate the potential carcinogenic hazard 
caused by Site contaminant exposure.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air. 

EPA Carcinogenic Assessment Group 
Potency Factors

These factors are used to evaluate an acceptable risk from a 
carcinogen.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air. 

Supplemental Guidance for Assessing 
Susceptibility from Early-Life Exposure to 
Carcinogens, EPA/630/R/03/003F, March 
2005

Guidance values used to evaluate the potential carcinogenic hazard to 
children caused by Site contaminant exposure.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air.

Federal Criteria, Advisories, and Guidance
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Table 4-9A
Chemical-Specific ARARs for Alternative GW-8
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 2 of 2

Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

MassDEP Vapor Intrusion Guidance: Site 
Assessment, Mitigation and Closure, Policy 
#WSC-16-435 (October 14, 2016),  Indoor Air 
Threshold Values

This guidance establishes threshold values for contaminants in indoor 
air, assuming that multiple contaminants are present.

To Be 
Considered

These values will be considered when establishing PRGs 
for VMS.

Massachusetts Contingency Plan (MCP), 
Method 1 Groundwater Standards, 310 CMR 
40.0000

The MCP has established a set of risk-based threshold concentrations 
that must be attained in order to achieve a condition of no significant 
risk for groundwater within a particular groundwater classification area.

To Be 
Considered

These values will be considered to develop vapor 
intrusion compliance limits for groundwater.

MCP, Method 3 Upper Concentration Limits, 
310 CMR 40.0996

The MCP GW-3 standards are intended to address ecological effects 
resulting from discharge of contaminants to surface water. Risk-based 
target values are modified by two dilution/attenuation factors to 
estimate an allowable concentration in groundwater discharging to a 
surface water body.

To Be 
Considered

These values will be considered to evaluate plume 
migration at areas where the plume intercepts the 
Sudbury River.

State Criteria, Advisories, and Guidance
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Table 4-10
Detailed Analysis of GW-9

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 8

Detailed Analysis Criteria
Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-Situ Treatment, Downgradient Plume In-Situ Treatment,
ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Protection of human 
health

In-situ treatment and DNAPL extraction within the Nyacol/WAC AOC and in-situ treatment within the 
downgradient plume AOC would reduce the source mass in-situ. However, any contamination missed by the 
injections (such as the groundwater outside the target area or areas where the injections are missed because 
of geologic heterogeneities) would not be addressed. Injection locations may be limited because of access 
considerations as well, especially in the downgradient plume area.

Maintenance of VMS would minimize contact to vapors from groundwater contamination.

LTM and five-year reviews would be used to ensure that the groundwater treatment systems effectively contain 
the plume, and to identify areas for additional VMS adjustments.

Protection of the 
environment

DNAPL extraction (for recoverable DNAPL, if encountered) and in-situ treatment (for residual contamination) 
would address the highest contamination at the Nyacol/WAC AOC. However, contamination that is missed 
because of limited access would remain as a source of contamination to groundwater.

Compliance with 
chemical-specific ARARs

ARARs are not available outside of the PPA. Would meet vapor-intrusion-based TBC criteria in immediate 
vicinity of injection areas, but may not meet ARARs outside of these areas. However, reducing the highest 
concentrations would allow for natural attenuation to proceed faster than without treatment, allowing for 
eventual attainment of TBC criteria. 

See Table 4-11a for details of compliance with chemical-specific ARARs.

Compliance with action-
specific ARARs

Would meet action-specific ARARs.

See Table 4-11b for details of compliance with action-specific ARARs.

Compliance with 
location-specific ARARs

Would meet location-specific ARARs.

See Table 4-11c for details of compliance with location-specific ARARs.

Compliance with ARARs

Overall Protection of Human Health and the Environment
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Table 4-10
Detailed Analysis of GW-9

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 8

Detailed Analysis Criteria
Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-Situ Treatment, Downgradient Plume In-Situ Treatment,
ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Magnitude of residual 
risk

The in-situ treatment at the Nyacol/WAC and downgradient plume AOCs will reduce the residual risk in the 
areas where the injections reach. Risk in the long term would be gradually diminished through natural 
attenuation, but this process is expected to be significantly faster if most of the residual contamination can be 
addressed.

The VMS address immediate risk from VI into structures.

Five-year reviews would be required since contaminants would remain at concentrations that would not allow 
unrestricted use.

Adequacy and reliability 
of controls

In-situ treatment would destroy contaminants in place, although the destruction efficiency would depend on the 
ability of the injections to contact the target contamination. DNAPL extraction would remove the most chemical 
mass, but locating recoverable quantities is extremely difficult. Reliability of these technologies will also depend 
on an accurate and thorough site characterization. 

O&M of VMS would minimize risk of VI exposure while groundwater concentrations remain above PRGs. 
However, adequacy of the VMS depend on system inspections and maintenance.

ICs would decrease future risks by preventing contact with contaminated groundwater and air.

LTM and five-year reviews will allow for periodic evaluation of groundwater quality and identification of any 
changes of conditions that may result in increased risk.

Long-Term Effectiveness and Permanence
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Table 4-10
Detailed Analysis of GW-9

Nyanza Chemical Waste Dump Superfund Site
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Page 3 of 8

Detailed Analysis Criteria
Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-Situ Treatment, Downgradient Plume In-Situ Treatment,
ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Treatment process used 
& materials treated

Residual contamination would be addressed via in-situ treatment. The oxidant selected is intended to treat the 
full spectrum of Site contamination. 

Extracted DNAPL would not be treated on-site, but would be disposed appropriately off-site.

Amount of hazardous 
materials removed or 
treated

The highest concentrations in the Nyacol/WAC AOC and the downgradient plume AOC would be treated in-situ. 
Recoverable DNAPL would be removed directly via extraction systems. In-situ treatment is expected to reach a 
much larger volume of residual contamination than DNAPL extraction. 

The remaining contaminants would degrade very slowly via natural attenuation.

Reduction in toxicity, 
mobility, or volume 
through treatment

In-situ treatment would destroy residual contamination and DNAPL in place at the Nyacol/WAC and plume 
AOCs. Recoverable DNAPL will be removed via DNAPL extraction systems for off-site disposal, reducing 
uncontrolled mobility in the subsurface.

Natural plume attenuation (which will reduce groundwater toxicity) will be enhanced with source removal and 
targeted plume treatment.

A minimal amount of contamination is expected to be removed via VMS. VMS will not reduce the toxicity, 
mobility, or volume of contaminants, as they are intended to only reduce exposure to contaminants.

Degree to which the 
treatment is reversible

In-situ treatment of residual contamination and DNPAL extraction are irreversible.

Natural attenuation of remaining contaminants away from the active treatment would occur over a long period, 
but those changes would be irreversible.

The protection offered by the VMS would end if they stopped operation or were compromised.

Type and quantity of 
residuals remaining after 
treatment

No residuals would remain on-site after DNAPL extraction and off-site disposal.

ISCO reagents that do not react with the target contamination are expected to migrate downgradient and react 
with soil organic material. ISCO may cause temporary changes in aquifer chemistry, particularly in areas that 
currently have anaerobic conditions. This may cause mobilization of metals until the aquifer conditions return to 
the original condition after injection.

Groundwater in the downgradient plume would also undergo natural attenuation. Natural attenuation processes 
would, in the long term, result in the mineralization of VOCs and SVOCs to non-hazardous chemicals such as 
ethene, oxygen, carbon dioxide, chloride, and hydrogen. Under natural processes, degradation daughter 
products such as vinyl chloride, which is more toxic and mobile than the parent products, may accumulate.

Satisfies statutory 
preference for treatment

This alternative addresses the principal threat (DNAPL) and residual contamination in the Nyacol/WAC and 
downgradient plume AOCs. 

Reduction of Toxicity, Mobility, and Volume Through Treatment
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Detailed Analysis Criteria
Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-Situ Treatment, Downgradient Plume In-Situ Treatment,
ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Risks to community 
during implementation of 
remedial action

Risk to the off-site community during ISCO are low to moderate, as the treatment reactions occur in the 
subsurface. The chemicals used are highly reactive, and may create heat and vapors which may exit to the 
surface. Potential release of vapors will require monitoring. Pilot testing will be used to determine reagent 
concentrations and to control reactions to minimize community exposure. Risks will be managed during 
injection by monitoring and engineering controls.

DNAPL extraction system construction would present similar risks as other general construction contracts. 
Exposure to dust and noise would be mitigated using BMPs. Once constructed, risks to the community would 
be relatively low. Release of vapors from the extraction system would require monitoring to minimize risks to the 
community. .

Release of vapors from VMS would require monitoring to ensure there are no risks to community. Vapors may 
be treated if needed. Minimal risks to the community are expected during long-term operation.

Risks to workers during 
implementation of 
remedial action

There are a number of potential risks associated with working around reactive chemicals. Protection of on-site 
workers can be achieved via proper training, use of potential protective equipment, and engineering and 
administration controls. Pilot testing would be used to determine reagent concentrations and to control 
reactions to minimize worker exposure.

Workers may be exposed to contaminated materials during drilling, sampling, and DNAPL system O&M. These 
risks are relatively low and can be mitigated through proper training, use of personal protective equipment, and 
engineering controls.

Risk to workers during O&M of VMS is expected to be extremely low and can be mitigated with advanced 
planning and a field health and safety program for workers.

Short-Term Effectiveness
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Detailed Analysis Criteria
Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-Situ Treatment, Downgradient Plume In-Situ Treatment,
ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Environmental impacts

Implementation would require minor construction activity (such as drilling and potentially digging utility trenches) 
for PDI and remedy implementation. Standard construction equipment would be used. Engineering controls 
such as erosion and sedimentation controls and dust control would be used to prevent migration of 
contaminated materials outside the work areas. Diligent use of engineering controls may be required close to 
sensitive areas such as the wetlands and Sudbury River.

Subsurface redox conditions would be changed during the ISCO injections and for up to several years after 
injections are completed. Metals concentrations may temporarily increase in groundwater. In addition, more 
toxic byproducts may be created. However, impacts are expected to be low.

There are no significant environmental impacts associated with installation and O&M of DNAPL extraction 
systems or with O&M of VMS.

Sustainability

Some energy and resources would be used during the PDI, installation of injection/extraction wells, and DNAPL 
system construction (if needed). VMS require minimal electricity to run.

Extremely large energy and resources would be used to produce, transport, and inject the volume of chemicals 
estimated to be required to treat the residual contamination at the Nyacol/WAC and downgradient plume AOCs. 
However, these impacts would be for a relatively short time compared to other alternatives.

Time until remedial 
action objectives are 
achieved 

 It is estimated that the PRG for TCE would not be achieved for approximately 275 years in the Nyacol/WAC 
AOC and 44 years in the downgradient plume AOC. 

Short-Term Effectiveness (cont.)
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Detailed Analysis Criteria
Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-Situ Treatment, Downgradient Plume In-Situ Treatment,
ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Ability to construct and 
operate the technology

Construction activities would include installation of wells for both installation and injection. Access for in-situ 
treatment is limited in the Nyacol/WAC AOC due to the presence of active industrial facilities and a railroad 
track. Directional drilling (which would require more specialized contractors) may be used to access some 
locations; however, the density of locations needed for in-situ treatment may not be achieved. Access for in-situ 
treatment is limited in the downgradient plume AOC because of the large number of small residential 
properties. For this area, small drill rigs using temporary well points may be used for injections.

Specialized contractors are needed to implement in-situ chemical treatment, particularly in complex conditions. 
However, multiple qualified vendors are available to perform the work. The depth of the treatment zone (50 feet 
or more) in the downgradient plume AOC and need to inject into bedrock in the Nyacol/WAC AOC would make 
it difficult to ensure complete treatment.

DNAPL extraction involves well-developed technology. 

Reliability of the 
technology

The contamination in weathered and deeper bedrock at the Nyacol/WAC AOC may make oxidant delivery 
difficult. At the downgradient plume AOC, the thickness of overburden (50 feet or more) and presence of 
complex and varied strata also serve to complicate oxidant delivery. The planned PDI and pilot testing will be 
used to tailor the injection to Site characteristics to help improve reliability. However, the technology does not 
depend on outside power or controls, which would add to its reliability.

DNAPL extraction systems are generally reliable.

ICs can be a reliable means of preventing future contact with contaminated groundwater and vapor, provided 
that the ICs are relatively easy for local officials to monitor and enforce.

Use of VMS would minimize risk of VI exposure while groundwater concentrations remain above PRGs. 
However, adequacy of the VMS depend on system inspections and maintenance.

Ease of implementing 
additional remedial 
actions, if necessary

Future remedial actions could be implemented if necessary. Injection and monitoring wells may be reconfigured 
to use as injection or extraction wells at a later date. Wells installed for other purposes may also be 
reconfigured for DNAPL extraction if recoverable volumes of DNAPL are identified. However, modifying the 
chemistry of the aquifer may limit the effectiveness of other in-situ chemical treatment.

Ability to monitor 
effectiveness of the 
remedy

Additional monitoring wells will improve the current monitoring well network and to better develop the CSM.

The progress of the injection and its overall success will be monitored via collection and analysis of samples 
from the new wells and the existing monitoring well network. Groundwater monitoring would be performed prior 
to and immediately following injection, and then on a recurring basis to assess the treatment. 

Implementability
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Detailed Analysis Criteria
Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-Situ Treatment, Downgradient Plume In-Situ Treatment,
ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Ability to obtain 
approvals from other 
agencies

All work would be conducted on a CERCLA site, so permits would not be required; however, the substantive 
requirements of ARARS would be met.

Implementation of ICs is administratively feasible. No approvals are required. Agreement on the specific 
requirements to be included in ICs would be required.

Coordination with other 
agencies

Monitoring well, injection well and temporary injection point installation would require coordination with 
landowners and the Town of Ashland. Coordinating with landowners may be complicated by the need to use a 
large number of injection wells across a number of small residential and industrial properties.

Implementation and recording of ICs would require coordination with local and state officials.

Availability of off-site 
treatment, storage, and 
disposal services 

IDW from well installation and sampling may require off-site disposal at TSDF, which are readily available. 
Extracted DNAPL would also require off-site disposal at a TSDF. 

Availability of necessary 
equipment and 
specialists

Drilling contractors to perform installation of monitoring wells, injection wells and temporary injection points, and 
DNAPL recovery wells are readily available. Contractors are also available to construct DNAPL extraction 
facilities. In-situ chemical treatment, while specialized, is available from a number of vendors.

Experienced regulators and attorneys are available to develop ICs.

Availability of 
prospective technologies

DNAPL extraction  technologies are widely available. Several vendors produce and sell injection chemicals, 
although sufficient lead time may be required to ensure an adequate supply of chemical reagents.

Implementability (cont.)
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Detailed Analysis Criteria
Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-Situ Treatment, Downgradient Plume In-Situ Treatment,
ICs, VMS, DNAPL Extraction, LTM, 5-Year Reviews

Capital $39,919,000

Total Present Value O&M $3,072,000

Total Present Value Cost $42,991,000

Notes:

2. Abbreviations: IC = institutional control
PPA = potentially productive aquifer
VMS = vapor mitigation system
DNAPL = dense non-aqueous phase liquid
LTM = long-term monitoring
ARAR = applicable, relevant, and appropriate requirement
O&M = operations and maintenance

1. Total present value O&M cost presented is total cost for 30 years, including costs for Five-Year Reviews and a discount rate of 7% per 
EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.

Costs
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Table 4-11A
Chemical-Specific ARARs for Alternative GW-9
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 2

Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

OSWER Technical Guide for Assessing and 
Mitigating the Vapor Intrusion Pathway from 
Subsurface Vapor Sources to Indoor Air 
(OSWER Publication 9200.2-154). June 2015.

This EPA guidance establishes a methodology for assessing potential 
indoor air risks to human health that may result from volatilization of 
contaminants from groundwater and soil vapor into an overlying 
building, using multiple lines of evidence.

To Be 
Considered

The methodology from the guidance was used to develop 
risk-based PRGs for target groundwater concentrations. 

EPA Vapor Intrusion Screening Level (VISL)  
calculator

EPA developed the VISLs as numerical screening levels to identify 
areas or buildings that may warrant further investigation of the vapor 
intrusion pathway.

To Be 
Considered VISLs were used to develop PRGs for groundwater.

Regional Screening Levels for Chemical 
Contaminants at Superfund Sites 
(https://www.epa.gov/risk/regional-screening-
levels-rsls-generic-tables)

Provides risk-based screening levels for various environmental media, 
for residential and industrial exposure scenarios, and for leaching of 
contaminants to groundwater.

To Be 
Considered

Regional screening levels for indoor air used to develop 
VISLs.

EPA Risk Reference Doses (RfDs) and EPA 
Carcinogen Assessment Group Cancer 
Potency Factors (CPFs)

RfDs are considered to be levels unlikely to cause significant adverse 
non-cancer health effects associated with lifetime exposure. RfDs are 
used to develop risk-based cleanup standards by computing human 
health hazards from exposure to non-carcinogens at the Site. CPFs 
are used as qualitative weight-of-evidence judgment as to the 
likelihood of a chemical being a carcinogen

To Be 
Considered

RfDs and CPFs will be used to establish risk-based 
standards for preventing exposure to groundwater and air. 

EPA Human Health Assessment Cancer 
Slope Factors (CSFs)

CSFs estimate the upper-bound probability of increased cancer risk 
from lifetime exposure to contaminants. Used to develop risk-based 
cleanup standards by computing the incremental cancer risk from 
exposure to carcinogens at the Site.

To Be 
Considered

CSFs will be used to establish risk-based standards for 
preventing exposure to groundwater. 

Guidelines for Carcinogenic Risk Assessment, 
EPA/630/P-03/001F, March 2005

Guidance values used to evaluate the potential carcinogenic hazard 
caused by Site contaminant exposure.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air. 

EPA Carcinogenic Assessment Group 
Potency Factors

These factors are used to evaluate an acceptable risk from a 
carcinogen.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air. 

Supplemental Guidance for Assessing 
Susceptibility from Early-Life Exposure to 
Carcinogens, EPA/630/R/03/003F, March 
2005

Guidance values used to evaluate the potential carcinogenic hazard to 
children caused by Site contaminant exposure.

To Be 
Considered

Will be used to establish risk-based standards for 
preventing exposure to groundwater and air.

Federal Criteria, Advisories, and Guidance
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Requirement Requirement Synopsis ARAR Status Action to Attain ARAR

MassDEP Vapor Intrusion Guidance: Site 
Assessment, Mitigation and Closure, Policy 
#WSC-16-435 (October 14, 2016),  Indoor Air 
Threshold Values

This guidance establishes threshold values for contaminants in indoor 
air, assuming that multiple contaminants are present.

To Be 
Considered

These values will be considered when establishing PRGs 
for VMS.

Massachusetts Contingency Plan (MCP), 
Method 1 Groundwater Standards, 310 CMR 
40.0000

The MCP has established a set of risk-based threshold concentrations 
that must be attained in order to achieve a condition of no significant 
risk for groundwater within a particular groundwater classification area.

To Be 
Considered

These values will be considered to develop vapor intrusion 
compliance limits for groundwater.

MCP, Method 3 Upper Concentration Limits, 
310 CMR 40.0996

The MCP GW-3 standards are intended to address ecological effects 
resulting from discharge of contaminants to surface water. Risk-based 
target values are modified by two dilution/attenuation factors to 
estimate an allowable concentration in groundwater discharging to a 
surface water body.

To Be 
Considered

These values will be considered to evaluate plume 
migration at areas where the plume intercepts the Sudbury 
River.

State Criteria, Advisories, and Guidance
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Table 5-1
Detailed Alternative Comparison

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 7

Alternative

Components

Score Notes Score Notes Score Notes Score Notes Score Notes Score Notes

Protection of 
human health No

No additional risk reduction. Relies 
on natural attenuation to degrade 
contaminants (extremely long time)

Yes

Increased DNAPL recovery will 
slightly reduce contaminant mass 
and slightly increase natural 
attenuation. VMS will reduce 
indoor air risk.

Yes

Nyacol/WAC: In-situ treatment will reduce 
source mass, P&T will minimize 
downgradient transport. Downgradient 
concentrations would not be directly 
addressed and would decrease slowly. 
VMS will reduce indoor air risk.

Yes

Nyacol/WAC: In-situ treatment will reduce 
source mass, P&T will minimize 
downgradient transport. Downgradient 
concentrations would not be directly 
addressed and would decrease slowly. 
VMS will reduce indoor air risk.

Yes

Nyacol/WAC: In-situ treatment will reduce 
source mass, P&T would minimize 
downgradient transport. In-situ treatment 
downgradient will reduce source mass, 
reducing risk. VMS will reduce indoor air 
risk.

Yes

Nyacol/WAC and plume in-situ treatment 
and DNAPL removal would reduce the 
source mass, reducing risk. Any areas 
outside the target injections would only be 
treated via natural attenuation. VMS will 
reduce indoor air risk.

Protection of the 
environment No

Would not be protective of the 
environment. Remaining DNAPL 
would be a continuing source of 
contamination to migrate 
downgradient.

No

Increased DNAPL recovery would 
slightly reduce the source mass. 
Groundwater quality would 
improve very gradually through 
natural attenuation.

Yes

Nyacol/WAC in-situ treatment and 
DNAPL recovery would reduce 
contaminant mass, while P&T would 
capture plumes for shorter downgradient 
restoration times. Downgradient 
attenuation would be slow without active 
treatment, even without upgradient 
source input.

Yes

Nyacol/WAC in-situ treatment and 
DNAPL recovery would reduce 
contaminant mass, while P&T would 
capture plumes for shorter downgradient 
restoration times. Downgradient 
attenuation would be slow without active 
treatment, even without upgradient 
source input.

Yes

Nyacol/WAC DNAPL extraction and in-
situ treatment would reduce contaminant 
mass, while P&T would capture and 
control groundwater. In-situ treatment in 
the plume would reduce downgradient 
restoration times. 

Yes

DNAPL extraction and in-situ treatment 
would reduce contaminant mass in both 
AOCs. However, some contamination will 
remain following treatment and post-
treatment attenuation would be required 
for restoration.

Overall Score No No Yes Yes Yes Yes

Compliance with 
chemical-specific 
ARARs

N/A

Vapor-intrusion based criteria for 
groundwater are not ARARs; 
therefore there are no chemical-
specific ARARs for compliance.

N/A

Vapor-intrusion based criteria for 
groundwater are not ARARs; 
therefore there are no chemical-
specific ARARs for compliance.

N/A

Vapor-intrusion based criteria for 
groundwater are not ARARs; therefore 
there are no chemical-specific ARARs for 
compliance.

N/A

Vapor-intrusion based criteria for 
groundwater are not ARARs; therefore 
there are no chemical-specific ARARs for 
compliance.

N/A

Vapor-intrusion based criteria for 
groundwater are not ARARs; therefore 
there are no chemical-specific ARARs for 
compliance.

N/A

Vapor-intrusion based criteria for 
groundwater are not ARARs; therefore 
there are no chemical-specific ARARs for 
compliance.

Compliance with 
action-specific 
ARARs

N/A
Not applicable. There are no action-
specific ARARs because no actions 
are proposed.

Yes Would comply with action-specific 
ARARs Yes Would comply with action-specific 

ARARs Yes Would comply with action-specific 
ARARs Yes Would comply with action-specific 

ARARs Yes Would comply with action-specific 
ARARs

Compliance with 
location-specific 
ARARs

N/A
Not applicable. There are no location-
specific ARARs because no actions 
are proposed.

Yes Would comply with location-
specific ARARs Yes Would comply with location-specific 

ARARs. Yes

Would comply with location-specific 
ARARs. However, mitigation may be 
required to address wetland impacts from 
groundwater drawdown from P&T.

Yes
Mitigation may be required to address 
wetland impacts resulting from 
groundwater drawdown from P&T.

Yes Would comply with location-specific 
ARARs

Overall Score N/A Yes Yes Yes Yes Yes

GW-9: Nyacol/WAC AOC and Downgradient 
Plume AOC In-Situ Treatment

PDI, Nyacol/WAC and Plume In-Situ Treatment, 
DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-1: No Further Action

5-Year Reviews

Alternative GW-2: Limited Action

PDI, DNAPL Extraction, ICs, VMS, LTM, 5-
Year Reviews

Alternative GW-5: Nyacol/WAC AOC DNAPL 
Extraction, In-Situ Treatment, GW P&T

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-8: Nyacol/WAC AOC DNAPL Extraction, In-
Situ Treatment, and Groundwater P&T; 

Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-situ Treatment/ Limited 
P&T, DNAPL extraction, Plume In-Situ 

Treatment, ICs, VMS,  LTM, 5-Year Reviews

Alternative GW-4: Nyacol/WAC AOC DNAPL 
Extraction and In-Situ Treatment

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

Compliance with ARARs

Overall Protection of Human Health and the Environment
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Table 5-1
Detailed Alternative Comparison

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 7

Alternative

Components

Score Notes Score Notes Score Notes Score Notes Score Notes Score Notes

GW-9: Nyacol/WAC AOC and Downgradient 
Plume AOC In-Situ Treatment

PDI, Nyacol/WAC and Plume In-Situ Treatment, 
DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-1: No Further Action

5-Year Reviews

Alternative GW-2: Limited Action

PDI, DNAPL Extraction, ICs, VMS, LTM, 5-
Year Reviews

Alternative GW-5: Nyacol/WAC AOC DNAPL 
Extraction, In-Situ Treatment, GW P&T

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-8: Nyacol/WAC AOC DNAPL Extraction, In-
Situ Treatment, and Groundwater P&T; 

Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-situ Treatment/ Limited 
P&T, DNAPL extraction, Plume In-Situ 

Treatment, ICs, VMS,  LTM, 5-Year Reviews

Alternative GW-4: Nyacol/WAC AOC DNAPL 
Extraction and In-Situ Treatment

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

Magnitude of 
residual risk poor

There would be no change in the 
magnitude of the residual risk. Does 
not address short term risk from VI 
into structures. Residual risk would 
be moderate to high. Long-term risk 
would gradually decrease via natural 
attenuation, however the timeframe 
required is significantly longer than 
the active remedies.

poor

Contamination would remain in-
place in the plume and to a lesser 
degree at Nyacol/WAC, resulting 
in some residual risks. Plume 
restoration would rely on natural 
attenuation, resulting in long term 
residual risks. Some wastes may 
be treated and disposed of off-
site. Longer timeframe for residual 
risk than more active remedies. 

fair

Contamination would remain in-place in 
the plume once the  Nyacol/WAC 
groundwater sources have been restored, 
resulting in some residual risks. Plume 
restoration would rely on natural 
attenuation, resulting in long term residual 
vapor intrusion risks. Some wastes may 
be treated and disposed of off-site. 

fair

Contamination would remain in-place in 
the plume once the  Nyacol/WAC 
groundwater sources have been restored, 
resulting in some residual risks. P&T 
plume control would manage some risk. 
Plume restoration would rely on natural 
attenuation, resulting in long term residual 
vapor intrusion risks. Some wastes may 
be treated and disposed of off-site. 

good

There would be no residual risks 
remaining on-site following aquifer 
restoration, although some Site related 
wastes may be treated and disposed of 
off-site.  

good

There would be no residual risks 
remaining on-site following aquifer 
restoration, although some Site related 
wastes may be disposed of off-site. 

Adequacy and 
reliability of 
controls

N/A
No controls would be implemented to 
decrease contaminant 
concentrations or migration.

poor

Enhanced DNAPL extraction  
would reduce DNAPL source 
mass, but significant residual 
DNAPL is expected to remain, 
resulting in on-going 
contamination. Degradation of 
remaining DNAPL, sorbed and 
dissolved contaminants would rely 
on very slow natural attenuation. 
Without P&T, dissolved 
contamination would remain 
uncontained.

fair

DNAPL extraction and in-situ treatment 
would reliably reduce source mass where 
DNAPL can be recovered and injected 
reagent contact is achieved.   
Downgradient natural attenuation would 
still be relatively slow.

fair

DNAPL extraction and in-situ treatment 
would reliably reduce source mass where 
DNAPL can be recovered and injected 
reagent contact is achieved. P&T with in-
situ treatment would optimize 
Nyacol/WAC treatment  and minimize 
recontamination  downgradient.  
Downgradient natural attenuation would 
still be relatively slow.

very 
good

DNAPL extraction and in-situ treatment 
would reliably reduce source mass where 
DNAPL can be recovered and injected 
reagent contact is achieved. Remaining 
source mass may contribute to ongoing 
contamination. P&T with in-situ treatment 
would optimize source removal at 
Nyacol/WAC and minimize 
recontamination  downgradient. More 
effective post-treatment natural 
attenuation.

good

DNAPL extraction and in-situ treatment 
would reliably reduce source mass where 
DNAPL can be recovered and injected 
reagent contact is achieved. Remaining 
source mass may contribute to ongoing 
contamination. Without P&T, dissolved 
contamination in the plume would not be 
contained. More effective post-treatment 
natural attenuation.

Overall Score poor poor fair good very 
good good

Treatment process 
used & materials 
treated

poor

Does not include any active 
treatment components. Contaminant 
concentrations would gradually 
decrease through natural 
attenuation.

fair

Recovered DNAPL would be sent 
for off-site disposal. Contaminant 
concentrations would gradually 
decrease through natural 
attenuation, which is expected to 
be slightly more effective with 
increased DNAPL removal.

good

Residual, sorbed, and groundwater 
contamination would treated in-situ. 
Extracted DNAPL would be disposed off-
site. No active treatment would be used 
for the plume.

good

Residual, sorbed, and groundwater 
contamination would treated in-situ. 
Extracted DNAPL would be disposed off-
site. P&T would remove groundwater at 
Nyacol/WAC. Activated carbon may be 
used to treat vapors generated during 
treatment. No active treatment would be 
used for the plume.

very 
good

The residual, sorbed, and groundwater 
contamination would be treated in-situ. 
Extracted DNAPL would be disposed off-
site. Nyacol/WAC groundwater would 
also be removed via P&T. Activated 
carbon may be used to treat vapors from 
treatment. Natural attenuation 
downgradient will be enhanced.

very 
good

Extracted DNAPL would be sent for off-
site disposal. Residual contamination 
would be treated in-situ. Natural 
attenuation downgradient will be 
enhanced with treatment.

Long-Term Effectiveness and Permanence

Reduction of Toxicity, Mobility, and Volume Through Treatment
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Table 5-1
Detailed Alternative Comparison

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 7

Alternative

Components

Score Notes Score Notes Score Notes Score Notes Score Notes Score Notes

GW-9: Nyacol/WAC AOC and Downgradient 
Plume AOC In-Situ Treatment

PDI, Nyacol/WAC and Plume In-Situ Treatment, 
DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-1: No Further Action

5-Year Reviews

Alternative GW-2: Limited Action

PDI, DNAPL Extraction, ICs, VMS, LTM, 5-
Year Reviews

Alternative GW-5: Nyacol/WAC AOC DNAPL 
Extraction, In-Situ Treatment, GW P&T

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-8: Nyacol/WAC AOC DNAPL Extraction, In-
Situ Treatment, and Groundwater P&T; 

Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-situ Treatment/ Limited 
P&T, DNAPL extraction, Plume In-Situ 

Treatment, ICs, VMS,  LTM, 5-Year Reviews

Alternative GW-4: Nyacol/WAC AOC DNAPL 
Extraction and In-Situ Treatment

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

Amount of 
hazardous 
materials removed 
or treated

poor

No removal or treatment of 
hazardous materials would occur. 
Natural attenuation of contaminants 
would occur over a very long period.

fair

Limited contaminant source mass 
removal by DNAPL recovery 
system. Remaining contaminants 
would degrade very slowly via 
natural attenuation.

fair

The highest concentrations would be 
treated in-situ at Nyacol/WAC. 
Recoverable DNAPL would be extracted. 
Remaining contaminants and 
downgradient plume would degrade 
slowly via natural attenuation.

good

The highest concentrations would be 
treated in-situ at Nyacol/WAC. 
Recoverable DNAPL would be extracted. 
Nyacol/WAC P&T would address 
dissolved-phase contamination. 
Remaining contaminants and 
downgradient plume would degrade 
slowly via natural attenuation.

very 
good

The highest concentrations would be 
treated in-situ. Recoverable DNAPL 
would be extracted. In-situ treatment is 
expected to reach a much larger volume 
of residual contamination than DNAPL 
extraction. The downgradient plume 
would also be treated in-situ. P&T at 
Nyacol/WAC would remove relatively little 
contaminant mass. 

good

The highest concentrations at 
Nyacol/WAC and the plume would be 
treated in-situ. Recoverable DNAPL 
would be extracted. In-situ treatment is 
expected to reach a much larger volume 
of residual contamination than DNAPL 
extraction. The remaining contaminants 
would degrade very slowly via natural 
attenuation.

Reduction in 
toxicity, mobility, or 
volume through 
treatment

poor

No active treatment of hazardous 
materials would occur. Natural 
attenuation of contaminants would 
occur over a very long period.

fair

DNAPL extraction would remove 
a limited volume of contaminant 
mass. Natural attenuation of 
contaminants would occur over a 
very long period.

good

In-situ treatment would destroy 
sorbed/residual contamination at 
Nyacol/WAC. DNAPL extraction will 
reduce uncontrolled mobility in the 
subsurface. Plume natural attenuation 
would be slightly enhanced.

good

In-situ treatment would destroy 
sorbed/residual contamination at 
Nyacol/WAC. P&T would capture 
dissolved contaminants and treat prior to 
discharge, reducing toxicity and volume. 
DNAPL extraction will reduce 
uncontrolled mobility in the subsurface. 
Plume natural attenuation would be 
slightly enhanced.

very 
good

In-situ treatment would destroy 
sorbed/residual contamination. P&T 
would capture dissolved contaminants 
and treat prior to discharge, reducing 
toxicity and volume. DNAPL extraction 
will reduce mass, toxicity, mobility and 
volume. Plume natural attenuation would 
be slightly enhanced.

good

In-situ treatment would destroy  
contamination in place. DNAPL extraction 
would slightly reduce additional mass, 
toxicity, mobility and volume. Plume 
natural attenuation would be slightly 
enhanced.

Degree to which the 
treatment is 
reversible

good

No additional treatment would be 
performed. Natural attenuation would 
occur over a long period, but these 
changes would be irreversible

good

DNAPL extraction is irreversible. 
Natural attenuation at 
Nyacol/WAC and plume would 
occur over a very long period, but 
those changes would be 
irreversible.

good

In-situ treatment and DNAPL extraction 
are irreversible. Changes from natural 
attenuation downgradient of active 
treatment would be irreversible.

good

In-situ treatment, DNAPL extraction, and 
contaminant removal via P&T are 
irreversible. Changes from natural 
attenuation downgradient of active 
treatment would be irreversible.

good

In-situ treatment, DNAPL extraction, and 
contaminant removal via P&T are 
irreversible. Changes from natural 
attenuation would be irreversible.

good
In-situ treatment and DNAPL extraction 
are irreversible. Changes from natural 
attenuation would be irreversible.

Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)
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Alternative

Components

Score Notes Score Notes Score Notes Score Notes Score Notes Score Notes

GW-9: Nyacol/WAC AOC and Downgradient 
Plume AOC In-Situ Treatment

PDI, Nyacol/WAC and Plume In-Situ Treatment, 
DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-1: No Further Action

5-Year Reviews

Alternative GW-2: Limited Action

PDI, DNAPL Extraction, ICs, VMS, LTM, 5-
Year Reviews

Alternative GW-5: Nyacol/WAC AOC DNAPL 
Extraction, In-Situ Treatment, GW P&T

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-8: Nyacol/WAC AOC DNAPL Extraction, In-
Situ Treatment, and Groundwater P&T; 

Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-situ Treatment/ Limited 
P&T, DNAPL extraction, Plume In-Situ 

Treatment, ICs, VMS,  LTM, 5-Year Reviews

Alternative GW-4: Nyacol/WAC AOC DNAPL 
Extraction and In-Situ Treatment

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

Type and quantity 
of residuals 
remaining after 
treatment

good

Contaminants would remain until 
they are  depleted through natural 
attenuation. Natural attenuation 
would, in the very long term, 
mineralize VOCs and SVOCs to non-
hazardous chemicals. More toxic 
degradation daughter products may 
accumulate. 

good

Natural attenuation will mineralize 
VOCs and SVOCs to non-
hazardous chemicals. 
Degradation daughter products 
may accumulate.

good

In-situ treatment may temporarily change 
aquifer chemistry, causing potential 
metals mobilization. Unreacted reagents 
will migrate downgradient and react with 
soil organic material. Natural attenuation 
will mineralize VOCs and SVOCs to non-
hazardous chemicals. Degradation 
daughter products may accumulate.

fair

P&T may result in concentrated residuals 
requiring disposal. In-situ treatment may 
temporarily change aquifer chemistry, 
causing potential metals mobilization. 
Unreacted reagents will migrate 
downgradient and react with soil organic 
material. Natural attenuation will 
mineralize VOCs and SVOCs to non-
hazardous chemicals. Degradation 
daughter products may accumulate.

fair

P&T may result in concentrated residuals 
requiring disposal. In-situ treatment may 
temporarily change aquifer chemistry, 
causing potential metals mobilization. 
Unreacted reagents will migrate 
downgradient and react with soil organic 
material. Natural attenuation will 
mineralize VOCs and SVOCs to non-
hazardous chemicals. Degradation 
daughter products may accumulate.

good

In-situ treatment may temporarily change 
aquifer chemistry, causing potential 
metals mobilization. Unreacted reagents 
will migrate downgradient and react with 
soil organic material. Natural attenuation 
will mineralize VOCs and SVOCs to non-
hazardous chemicals. Degradation 
daughter products may accumulate.

Satisfies statutory 
preference for 
treatment

poor

Does not address the principal threat 
(DNAPL). No treatment of 
contaminated media is proposed, 
which would not satisfy statutory 
preference for treatment.

fair

Partially addresses DNAPL. Does 
not address non-mobile DNAPL 
and sorbed contaminants. Does 
not address the contamination 
dissolved in groundwater.

good Addresses DNAPL and residual 
contamination at Nyacol/WAC. good

Addresses DNAPL, residual 
contamination, and dissolved 
contamination at Nyacol/WAC. Extracted 
groundwater would be treated to meet 
disposal requirements prior to discharge. 

very 
good

Addresses DNAPL, residual 
contamination, and dissolved 
contamination at Nyacol/WAC. Extracted 
groundwater would be treated to meet 
disposal requirements prior to discharge. 
Includes limited downgradient active 
treatment.

good
Addresses DNAPL and residual 
contamination in Nyacol/WAC and the 
plume. 

Overall Score poor fair good good very 
good good

Risks to community 
during 
implementation of 
remedial action

very 
good

Because there would not be any 
construction activities, there would 
be no risks to the community.

very 
good

DNAPL extraction wells may be 
located in close proximity to 
workers. Well drilling and other 
intrusive activities would present 
similar (low) risks as other general 
construction.

very 
good

Risk to the off-site community during in-
situ treatment is low. Some material 
handling would be required above 
ground. Pilot testing will be used to 
minimize implementation risks. No active 
treatment in residential areas. PDIs would 
present similar risk to other general 
construction. 

very 
good

Risk to the off-site community during in-
situ treatment is low. Some material 
handling would be required above 
ground. Pilot testing will be used to 
minimize implementation risks. No active 
treatment in residential areas. PDIs and 
system construction would present similar 
risk to other general construction. 

fair

Risk to the off-site community during in-
situ treatment are low to moderate, as 
injection would occur in residential areas. 
Some material handling would be 
required above ground. Pilot testing will 
be used to minimize  implementation risk. 
PDIs and system construction would 
present similar risk as other general 
construction. 

fair

Risk to the off-site community during in-
situ treatment are low to moderate, as 
injection would occur in residential areas. 
Some material handling would be 
required above ground. Pilot testing will 
be used to minimize  implementation risk. 
PDIs and system construction would 
present similar risks as other general 
construction. 

Short-Term Effectiveness

Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)
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Table 5-1
Detailed Alternative Comparison

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 5 of 7

Alternative

Components

Score Notes Score Notes Score Notes Score Notes Score Notes Score Notes

GW-9: Nyacol/WAC AOC and Downgradient 
Plume AOC In-Situ Treatment

PDI, Nyacol/WAC and Plume In-Situ Treatment, 
DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-1: No Further Action

5-Year Reviews

Alternative GW-2: Limited Action

PDI, DNAPL Extraction, ICs, VMS, LTM, 5-
Year Reviews

Alternative GW-5: Nyacol/WAC AOC DNAPL 
Extraction, In-Situ Treatment, GW P&T

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-8: Nyacol/WAC AOC DNAPL Extraction, In-
Situ Treatment, and Groundwater P&T; 

Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-situ Treatment/ Limited 
P&T, DNAPL extraction, Plume In-Situ 

Treatment, ICs, VMS,  LTM, 5-Year Reviews

Alternative GW-4: Nyacol/WAC AOC DNAPL 
Extraction and In-Situ Treatment

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

Risks to workers 
during 
implementation of 
remedial action

very 
good

Because there would not be any 
construction activities, there would 
be no risks to workers.

good

Workers may be exposed to 
contaminated materials during 
PDIs and DNAPL system O&M. 
These risks are relatively low and 
can be mitigated through BMPs.

fair

Moderate risk from working with reagents 
can be mitigated through BMPs. Pilot 
testing would determine reagent dosage 
and control reactions to minimize worker 
exposure. Workers may be exposed to 
contaminated materials during PDIs and 
O&M. These risks are relatively low and 
can be mitigated via BMPs.

fair

Moderate risk from working with reagents 
can be mitigated through BMPs. Pilot 
testing would determine reagent dosage 
and control reactions to minimize worker 
exposure. Workers may be exposed to 
contaminated materials during PDIs and 
O&M. These risks are relatively low and 
can be mitigated via BMPs.

fair

Moderate risk from working with reagents 
can be mitigated through BMPs.  Pilot 
testing would  determine reagent dosage 
and control reactions to minimize worker 
exposure. Workers may be exposed to 
contaminated materials during PDIs and 
O&M. These risks are relatively low and 
can be mitigated via BMPs.

fair

Moderate risk from working with reagents 
can be mitigated through BMPs. Pilot 
testing would  determine reagent dosage 
and control reactions to minimize worker 
exposure. Workers may be exposed to 
contaminated materials during PDIs and 
O&M. These risks are relatively low and 
can be mitigated via BMPs.

Environmental 
impacts

very 
good

Without any active remediation or 
construction activities, there are no 
additional short-term impacts to the 
environment.

very 
good

Intrusive work needed for PDI and 
system construction. May need 
engineering controls close to 
sensitive areas.

fair

Intrusive work needed for PDI and 
system construction. May need 
engineering controls close to sensitive 
areas. Metals may temporarily increase in 
groundwater and more toxic byproducts 
may be created post injection, but these 
impacts are expected to be low. 

fair

Intrusive work needed for PDI and 
system construction. May need 
engineering controls close to sensitive 
areas. Metals may temporarily increase in 
groundwater and more toxic byproducts 
may be created post injection, but these 
impacts are expected to be low. P&T may 
dewater wetlands. 

fair

Intrusive work needed for PDI and 
system construction. Larger area of 
potentially sensitive areas impacted by 
treatment. Metals may temporarily 
increase in groundwater and more toxic 
byproducts may be created post injection, 
but these impacts are expected to be low. 
P&T may dewater wetlands.  

good

Intrusive work needed for PDI and 
system construction. Larger area of 
potentially sensitive areas impacted by 
treatment. Metals may temporarily 
increase in groundwater and more toxic 
byproducts may be created post injection, 
but these impacts are expected to be low. 

Sustainability very 
good

Without any active remediation or 
construction activities, there are no 
sustainability considerations.

good

DNAPL system construction and 
the PDI would use some energy 
and resources. Some energy and 
transportation required to operate 
the DNAPL extraction system and 
send collected material for off-site 
disposal. Some transportation and 
disposal is required for LTM.

fair

PDI and DNAPL extraction system 
construction would use some energy and 
resources. Significant energy and 
resources used to produce, transport, and 
inject reagents. LTM and O&M also 
require regular resources.

fair

PDI and DNAPL extraction/P&T system 
construction would use some energy and 
resources. Significant energy and 
resources  used to produce, transport, 
and inject reagents. P&T requires 
significant resources, including electricity 
and reaction media. Some treatment 
residuals would require disposal. LTM 
and O&M also require regular resources.

fair

PDI and DNAPL extraction/P&T system 
construction would use some energy and 
resources. Significant energy and 
resources  used to produce, transport, 
and inject reagents. P&T requires 
significant resources, including electricity 
and reaction media. Some treatment 
residuals would require disposal. LTM 
and O&M also require regular resources.

fair

PDI and DNAPL extraction system 
construction would use some energy and 
resources. Significant energy and 
resources  used to produce, transport, 
and inject reagents. LTM also requires 
regular resources.

Time until remedial 
action objectives 
are achieved 

poor
 TCE PRGs would not be achieved 
for approximately 680 years 
throughout the Site. 

poor
 TCE PRGs would not be 
achieved for approximately 650 
years throughout the Site. 

fair
 TCE PRGs would not be achieved for 
approximately 275 years throughout the 
Site. 

good
 TCE PRGs would not be achieved for 
approximately 140 years throughout the 
Site. 

good
 TCE PRGs would not be achieved for 
approximately 140 years throughout the 
Site.  

fair
 TCE PRGs would not be achieved for 
approximately 275 years throughout the 
Site. 

Overall Score fair good fair good good fair

Short-Term Effectiveness (cont.)
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Alternative

Components

Score Notes Score Notes Score Notes Score Notes Score Notes Score Notes

GW-9: Nyacol/WAC AOC and Downgradient 
Plume AOC In-Situ Treatment

PDI, Nyacol/WAC and Plume In-Situ Treatment, 
DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-1: No Further Action

5-Year Reviews

Alternative GW-2: Limited Action

PDI, DNAPL Extraction, ICs, VMS, LTM, 5-
Year Reviews

Alternative GW-5: Nyacol/WAC AOC DNAPL 
Extraction, In-Situ Treatment, GW P&T

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-8: Nyacol/WAC AOC DNAPL Extraction, In-
Situ Treatment, and Groundwater P&T; 

Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-situ Treatment/ Limited 
P&T, DNAPL extraction, Plume In-Situ 

Treatment, ICs, VMS,  LTM, 5-Year Reviews

Alternative GW-4: Nyacol/WAC AOC DNAPL 
Extraction and In-Situ Treatment

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

Ability to construct 
and operate the 
technology

very 
good

This alternative is readily 
implementable, as it does not include 
construction. 

good

DNAPL extraction involves well-
developed technology. Drilling 
may be limited by access 
considerations.

good

Limited in-situ treatment access; full 
coverage may not be achieved. DNAPL 
extraction and in-situ treatment are well-
developed technologies. In-situ reagents 
can address the contaminant suite.

good

Limited in-situ treatment access; full 
coverage may not be achieved. DNAPL 
extraction and P&T are well-developed 
technologies. A treatment train can treat 
recalcitrant compounds. In-situ reagents 
can address the contaminant suite.

fair

Limited in-situ treatment access; full 
coverage may not be achieved. DNAPL 
extraction and P&T are well-developed 
technologies. A treatment train can treat 
recalcitrant compounds. In-situ reagents 
can address the contaminant suite.

fair

Limited in-situ treatment access; full 
coverage may not be achieved. DNAPL 
extraction involves well-developed 
technology. In-situ reagents can address 
the contaminant suite.

Reliability of the 
technology N/A

No technology is implemented, 
therefore no reliability can be 
examined.

fair

Current DNAPL recovery systems 
reliably operate with regular 
maintenance. Additional systems 
are expected to be similarly 
reliable. 

good

Difficult to target bedrock contamination 
in-situ. PDI and pilot testing used to tailor 
injections to improve reliability. In-situ 
treatment does not depend on outside 
power or controls. DNAPL extraction 
systems expected to be reliable. 

very 
good

Difficult to target bedrock contamination 
in-situ. PDI and pilot testing used to tailor 
injections to improve reliability. In-situ 
treatment does not depend on outside 
power or controls. P&T and DNAPL 
extraction systems expected to be 
reliable. 

very 
good

Difficult to target bedrock contamination 
in-situ. Unlikely to reach all plume target 
areas. PDI/pilot testing used to tailor 
injections to improve reliability. In-situ 
treatment does not depend on outside 
power or controls. P&T and DNAPL 
extraction systems expected to be 
reliable. 

fair

Difficult to target bedrock contamination 
in-situ. Unlikely to reach all plume target 
areas. PDI/pilot testing used to tailor 
injections to improve reliability. In-situ 
treatment does not depend on outside 
power or controls. DNAPL extraction 
systems are reliable.

Ease of 
implementing 
additional remedial 
actions, if 
necessary

very 
good

Future remedial actions can be 
readily implemented.

very 
good

Future remedial actions can be 
readily implemented. good

Future remedial actions can be 
implemented. Wells may be reconfigured 
to optimize treatment or for DNAPL 
extraction. Modifying aquifer chemistry 
may limit the effectiveness of other in-situ 
treatments.

good

Future remedial actions can be 
implemented. Wells may be reconfigured 
to optimize treatment or for DNAPL 
extraction. Modifying aquifer chemistry 
may limit the effectiveness of other in-situ 
treatments.

good

Future remedial actions can be 
implemented. Wells may be reconfigured 
to optimize treatment or for DNAPL 
extraction.  Modifying aquifer chemistry 
may limit the effectiveness of other in-situ 
treatments.

good

Future remedial actions can be 
implemented. Wells may be reconfigured 
to optimize treatment or for DNAPL 
extraction.  Modifying aquifer chemistry 
may limit the effectiveness of other in-situ 
treatments.

Ability to monitor 
effectiveness of the 
remedy

N/A Monitoring is not included in GW-1. very 
good

Additional wells will improve the 
current monitoring well network. 
Ongoing O&M will monitor DNAPL 
removal effectiveness.

very 
good

Additional wells will improve the well 
network and update the CSM. Injection 
progress will be monitored. Ongoing 
O&M will monitor effectiveness.

very 
good

Additional wells will improve the well 
network and update the CSM. Injection 
progress will be monitored. Ongoing 
O&M will monitor P&T removal 
effectiveness.

good

Additional wells will improve the well 
network and update the CSM. Injection 
progress will be monitored. Ongoing 
O&M will monitor P&T removal 
effectiveness. Larger network required for 
plume sampling.

good

Additional wells will improve the well 
network and update the CSM. Injection 
progress will be monitored.  Ongoing 
O&M will monitor effectiveness. Larger 
network required for plume sampling.

Ability to obtain 
approvals from 
other agencies

N/A None required. very 
good

Permits not required; however, 
substantive ARAR requirements 
will be met. IC implementation is 
feasible.

good
Permits not required; however, 
substantive ARAR requirements will be 
met. IC implementation is feasible. 

good

Permits not required; however, 
substantive ARAR requirements will be 
met. IC implementation is feasible. 
Municipality coordination needed for 
POTW discharge.

good

Permits not required; however, 
substantive ARAR requirements will be 
met. IC implementation is feasible. 
Municipality coordination needed for 
POTW discharge.

good
Permits not required; however, 
substantive ARAR requirements will be 
met. IC implementation is feasible.

Coordination with 
other agencies N/A None required. very 

good

Well installation requires 
coordination with landowners and 
the Town.

good Well installation requires coordination 
with landowners and the Town. good

Well and utility installation requires 
coordination with landowners and the 
Town.

good
Well and utility installation requires 
coordination with landowners and the 
Town.

good Well installation requires coordination 
with landowners and the Town.

Implementability
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Alternative

Components

Score Notes Score Notes Score Notes Score Notes Score Notes Score Notes

GW-9: Nyacol/WAC AOC and Downgradient 
Plume AOC In-Situ Treatment

PDI, Nyacol/WAC and Plume In-Situ Treatment, 
DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-1: No Further Action

5-Year Reviews

Alternative GW-2: Limited Action

PDI, DNAPL Extraction, ICs, VMS, LTM, 5-
Year Reviews

Alternative GW-5: Nyacol/WAC AOC DNAPL 
Extraction, In-Situ Treatment, GW P&T

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

GW-8: Nyacol/WAC AOC DNAPL Extraction, In-
Situ Treatment, and Groundwater P&T; 

Downgradient Plume AOC In-Situ Treatment

PDI, Nyacol/WAC In-situ Treatment/ Limited 
P&T, DNAPL extraction, Plume In-Situ 

Treatment, ICs, VMS,  LTM, 5-Year Reviews

Alternative GW-4: Nyacol/WAC AOC DNAPL 
Extraction and In-Situ Treatment

PDI, Nyacol/WAC In-situ treatment/ Limited 
P&T, DNAPL extraction, ICs, VMS,  LTM, 5-Year 

Reviews

Availability of off-
site treatment, 
storage, and 
disposal services 

N/A None required. very 
good

IDW may require off-site disposal 
at a TSDF, which are readily 
available. Recovered DNAPL 
would be treated off-site at a 
TSDF.

very 
good

Recovered DNAPL and potentially IDW 
would be treated off-site at a readily 
available TSDF. 

very 
good

Recovered DNAPL and potentially IDW 
would be treated off-site at a readily 
available TSDF. Extracted groundwater 
would be treated and discharged on-site, 
but residuals would be sent for off-site 
disposal and/or reclamation.

very 
good

Recovered DNAPL and potentially IDW 
would be treated off-site at a relatively 
available TSDF. Extracted groundwater 
would be treated and discharged on-site, 
but residuals would be sent for off-site 
disposal and/or reclamation.

very 
good

Recovered DNAPL and potentially IDW 
would be treated off-site at a readily 
available TSDF. 

Availability of 
necessary 
equipment and 
specialists

N/A None required. good

Drilling contractors are readily 
available. Contractors are also 
available to construct DNAPL 
extraction facilities. 

good

Drilling contractors are readily available. 
Contractors are available for DNAPL 
extraction. In-situ treatment is available 
from a number of vendors.

good

Drilling contractors are readily available. 
Contractors are available for DNAPL 
extraction and P&T construction. In-situ 
treatment is available from a number of 
vendors.

good

Drilling contractors are readily available. 
Contractors are available for DNAPL 
extraction and P&T construction. In-situ 
treatment is available from a number of 
vendors.

good

Drilling contractors are readily available. 
Contractors are available for DNAPL 
extraction. In-situ treatment is available 
from a number of vendors.

Availability of 
prospective 
technologies

N/A None required. good
Prospective technologies have 
been used previously at the Site 
and are widely available.

good

DNAPL extraction and in-situ treatment 
vendors widely available. Several 
vendors provide reagents, but may need 
lead time for large volumes.

good

DNAPL extraction, in-situ treatment, and 
P&T vendors widely available. Several 
vendors provide reagents, but may need 
lead time for large volumes.

good

DNAPL extraction and P&T vendors 
widely available. Several vendors provide 
reagents, but may need lead time for 
large volumes.

good

DNAPL extraction vendors widely 
available. Several vendors provide 
reagents, but may need lead time for 
large volumes.

Overall Score very 
good

very 
good good good fair fair

Capital very 
good $0 good $2,906,000 fair $14,986,000 fair $18,710,000 poor $43,334,000 poor $39,919,000

Total Present Value 
O&M

very 
good $108,000 good $3,099,000 fair $5,547,000 fair $16,609,000 fair $13,694,000 good $3,072,000

Total Present Value 
Cost

very 
good $108,000 good $6,005,000 fair $204,533,000 fair $35,319,000 poor $57,028,000 fair $42,991,000

Notes:
1. Total present value O&M cost presented is total cost for 30 years, including costs for Five-Year Reviews and a discount rate of 7% per EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.
2. Abbreviations:

VMS = vapor mitigation system
DNAPL = dense non-aqueous phase liquid
LTM = long-term monitoring
ARAR = applicable, relevant, and appropriate requirement
O&M = operations and maintenance
IDW = investigation-derived waste

Costs

Implementability (cont.)

P&T = pump and treat (groundwater)

NH-4537-2019 Nobis Engineering , Inc.
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MassDEP in 2018 to include only area west of, and
including, 191 Pleasant Street. The full extent of PPA
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boundary

3. Contours were interpolated from 3 meter contours
obtained from the MassGIS website. Aerial
photograph form MassGIS/Google 2017.
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FIGURE 1-4
PROPERTIES WITHIN 5 UG/L

GROUNDWATER TCE CONCENTRATION
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
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1.  MCL exceedances based on groundwater
trichloroethene (TCE) samples collected by Nobis, October-
December 2015, November 2017, and May 2018.

2. Land Use obtained from MassGIS, 2017. Aerial
photograph from MassGIS/Google web map service, 2017.

3. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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FIGURE 1-5
LAND USE MAP
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1. Cross sections for the locations shown are found on
Figures 1-13 and 1-14.

2.  This site plan was created from a site plan titled
"Base Mapping and Well Survey" by A-Plus
Construction, Dated September 25, 2012.

3. Aerial photograph form MassGIS/Google 2017.

4. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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FIGURE 1-6
SITE MONITORING WELLS
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NOTES:

1. MCL exceedances based on groundwater trichloroethene
(TCE) samples collected by Nobis, October-December
2015, November 2017, and May 2018.

2. VMS = Vapor Mitigation System.

3. See Figure 1-4 for property map/lot numbers.

4. Aerial photograph from MassGIS/Google web map
service, 2017.

5. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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NOTES:

1. Potentiometric surface generated from ESRI Spatial
Analyst version 10.6 using the natural neighbor method.
Other interpretations are possible.

2. Double headed arrows indicate that conditions favor
flow between surface water and groundwater at some
times, and the opposite at other times.

3. Former Sudbury River stream channel from EPA,
1989, Photogeologic Analysis Nyanza Chemical
Company, Ashland, Massachusetts.

4. Anomalous data from MW-301 not included for
contouring.

5. Aerial photograph from MassGIS/Google, 2017.

6. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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1. Potentiometric surface generated from ESRI
Spatial Analyst version 10.6 using the natural
neighbor method. Other interpretations are
possible.

2. Bedrock surface contours from Nobis (2016),
Figure 3-2.

3. Photolineaments and former Sudbury River
stream channel from EPA, 1989, Photogeologic
Analysis Nyanza Chemical Company, Ashland,
Massachusetts.

4. Aerial photograph from MassGIS/Google, 2017.

5. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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NOTES:

1. Gradients based on groundwater elevations measured
on November 3, 2013. This water level round represents
the lowest water level elevations over the monitoring
period for most of the wells measured.

2.  Aerial photo obtained from MassGIS web map service,
2013.

3. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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NOTES:

1. Gradients based on groundwater elevations measured
on April 28, 2014. This water level round represents the
highest water level elevations over the monitoring period
for most of the wells measured.

2.  Aerial photo obtained from MassGIS web map service,
2013.

3. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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FIGURE 2-1
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NOTES:

1. Feasibility Study Area based on groundwater
trichloroethene (TCE) samples collected by Nobis, October-
December 2015, November 2017, and May 2018.

2. Treatment area based on DNAPL zone in overburden
and weathered bedrock from final DNAPL alternatives
memorandum (ICF, 2006) and bedrock hotspot with
concentrations above 10 mg/L downgradient of landfill.

3. Bedrock hotspot based on 10,000 ug/L TCE contour
associated with MW-503B (Fall 2015 data).

4. Aerial photograph from MassGIS/Google web map
service, 2017.

5. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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!A Overburden Monitoring Well

!A Bedrock Monitoring Well

Feasibility Study Area
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and weathered bedrock

Bedrock hotspot downgradient
of landfill
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System Area
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FIGURE 4-1A
ALTERNATIVE GW-2:
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NOTES:

1. Groundwater profiling and Phase II DNAPL locations are
not shown. Locations will be based on results of existing
well sampling and Phase I DNAPL PDI screening.

2. DNAPL zone in overburden and weathered bedrock from
final DNAPL alternatives memorandum (ICF, 2006) and
bedrock hotspot with concentrations above 10 mg/L
downgradient of landfill.

3. Bedrock hotspot based on exceedance of 10,000 ug/L
TCE at MW-503B (11,000 ug/L in Fall 2015). Hotspot edge

 

 4. Aerial photograph from MassGIS/Google web map
service, 2017.

5. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
!A Overburden Monitoring Well

!A Bedrock Monitoring Well

GF
Proposed initial PDI
well cluster locations

Proposed Phase I DNAPL
PDI screening locations

DNAPL zone in overburden
and weathered bedrock

Bedrock hotspot downgradient
of landfill

Target additional LTM well location
(B=Bedrock, O=Overburden)

CHECKED BY: JV
DATE: MAY 2019

FIGURE 4-1B
ALTERNATIVE GW-2:

NYACOL/WAC INVESTIGATION COMPONENTS
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SUPERFUND SITE - OPERABLE UNIT II
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NOTES:

1. Feasibility Study Area based on groundwater
trichloroethene (TCE) samples collected by Nobis, October-
December 2015, November 2017, and May 2018.

2. Treatment area based on DNAPL zone in overburden
and weathered bedrock from final DNAPL alternatives
memorandum (ICF, 2006) and bedrock hotspot with
concentrations above 10 mg/L downgradient of landfill.

3. Bedrock hotspot based on 10,000 ug/L TCE contour
associated with MW-503B (Fall 2015 data).

4. Aerial photograph from MassGIS/Google web map
service, 2017.

5. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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!A Overburden Monitoring Well

!A Bedrock Monitoring Well
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Vapor Mitigation
System Area

Target additional LTM well location
(B=Bedrock, O=Overburden)
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FIGURE 4-2A
ALTERNATIVE GW-4:

GENERAL COMPONENTS
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS
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NOTES:

1. DNAPL zone in overburden and weathered bedrock from
final DNAPL alternatives memorandum (ICF, 2006) and
bedrock hotspot with concentrations above 10 mg/L
downgradient of landfill.

2. Bedrock hotspot based on 

 
 
 
 

3. Aerial photograph from MassGIS/Google web map
service, 2017.

4. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
!A Existing Overburden Monitoring Well

!A Existing Bedrock Monitoring Well

GF
Proposed initial PDI
well cluster locations

#* Proposed rock core location

Proposed Phase I DNAPL
PDI screening locations

Target alternative LTM well location
(B=Bedrock, O=Overburden)

DNAPL zone in overburden
and weathered bedrock

Bedrock hotspot downgradient
of landfill
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FIGURE 4-2B
ALTERNATIVE GW-4:

NYACOL/WAC INVESTIGATION COMPONENTS
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS
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NOTES:

1. Treatment area based on DNAPL zone in overburden
and weathered bedrock from final DNAPL alternatives
memorandum (ICF, 2006) and bedrock hotspot with
concentrations above 10 mg/L downgradient of landfill.

2. Injection locations shown include a combination of
bedrock, overburden, and directional-drilling wells. Final
vertical and horizontal configuration will be determined
based on results of pre-design investigation.

3. Aerial photograph from MassGIS/Google web map
service, 2017.

4. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
!A Existing Overburden Monitoring Well

!A Existing Bedrock Monitoring Well

Injection Location

Limited Access
Injection Location

Limited access in-situ
treatment area

Treatment Area
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FIGURE 4-2C
ALTERNATIVE GW-4:

NYACOL/WAC TREATMENT COMPONENTS
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS
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NOTES:

1. Feasibility Study Area based on groundwater
trichloroethene (TCE) samples collected by Nobis, October-
December 2015, November 2017, and May 2018.

2. Nyacol/WAC Treatment area based on DNAPL zone in
overburden and weathered bedrock from final DNAPL
alternatives memorandum (ICF, 2006) and bedrock hotspot
with concentrations above 10 mg/L downgradient of landfill.

3. Aerial photograph from MassGIS/Google web map
service, 2017.

4. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
!A Overburden Monitoring Well

!A Bedrock Monitoring Well

Feasibility Study Area

Vapor Mitigation
System Area

Target alternative LTM well location
(B=Bedrock, O=Overburden)

Treatment Area

Limited access in-situ
treatment area
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FIGURE 4-3A
ALTERNATIVE GW-5:

GENERAL COMPONENTS
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS
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NOTES:

1. DNAPL zone in overburden and weathered bedrock from
final DNAPL alternatives memorandum (ICF, 2006) and
bedrock hotspot with concentrations above 10 mg/L
downgradient of landfill.

2. Bedrock hotspot based on exceedance of 10,000 ug/L 
TCE at MW-503B (11,000 ug/L in Fall 2015). Hotspot

 

 

 3. Aerial photograph from MassGIS/Google web map
service, 2017.

4. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
!A Existing Overburden Monitoring Well

!A Existing Bedrock Monitoring Well

GF
Proposed initial PDI
well cluster locations

#* Proposed rock core location

Proposed Phase I DNAPL
PDI screening locations

Target alternative LTM well location
(B=Bedrock, O=Overburden)

DNAPL zone in overburden
and weathered bedrock

Bedrock hotspot downgradient
of landfill
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FIGURE 4-3B
ALTERNATIVE GW-5:

NYACOL/WAC INVESTIGATION COMPONENTS
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS
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NOTES:

1. Treatment area based on DNAPL zone in overburden
and weathered bedrock from final DNAPL alternatives
memorandum (ICF, 2006) and bedrock hotspot with
concentrations above 10 mg/L downgradient of landfill.

2. Injection locations shown include a combination of
bedrock, overburden, and directional-drilling wells. Final
vertical and horizontal configuration will be determined
based on results of pre-design investigation.

3. One existing well is assumed to be used as an additional
groundwater extraction well.

4. Aerial photograph from MassGIS/Google web map
service, 2017.

5. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
!A Existing Overburden Monitoring Well

!A Existing Bedrock Monitoring Well

!> Groundwater Extraction Well

Injection Location

Limited Access
Injection Location

Limited access in-situ
treatment area

Potential groundwater
treatment system

Treatment Area
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FIGURE 4-3C
ALTERNATIVE GW-5:

NYACOL/WAC TREATMENT COMPONENTS
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS
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NOTES:

1. Aerial photograph from MassGIS/Google web map
service, 2017.

2. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
!A Existing Overburden Monitoring Well

!A Existing Bedrock Monitoring Well

GF Proposed PDI well cluster locations

Plume AOC Treatment Zone
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FIGURE 4-3D
ALTERNATIVE GW-5:

PLUME INVESTIGATION COMPONENTS
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS
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NOTES:

1. Aerial photograph from MassGIS/Google web map
service, 2017.

2. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
!A Existing Overburden Monitoring Well

!A Existing Bedrock Monitoring Well

!> Groundwater Extraction Well

GF Proposed PDI well cluster locations

Potential groundwater
treatment system

Plume AOC Treatment Zone
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FIGURE 4-3E
ALTERNATIVE GW-5:

PLUME TREATMENT COMPONENTS
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS

³1 inch = 150 feet

R
:\8

00
00

 T
as

k 
O

rd
er

s\
80

11
3 

N
ya

nz
a 

FS
 O

U
2\

Te
ch

ni
ca

l D
at

a\
G

IS
\F

ig
ur

es
\F

S
 T

ec
h 

M
em

o\
Fi

gu
re

 4
 S

ec
tio

n 
N

ya
nz

a 
FS

.m
xd

   
  5

/3
0/

20
19

 1
4:

55
   

  j
ha

rri
ng

to
n

PREPARED BY: JH
PROJECT NO. 80113

0 150 30075

Feet

Nobis Group® - 585 Middlesex Street
Lowell, MA 01851 - (978) 683-0891

www.nobis-group.com

~ iiiii =~ 
nobis 

D 
D 



BO

BO

BO

BO

BO

NOTES:

1. Feasibility Study Area based on groundwater
trichloroethene (TCE) samples collected by Nobis, October-
December 2015, November 2017, and May 2018.

2. Nyacol/WAC Treatment area based on DNAPL zone in
overburden and weathered bedrock from final DNAPL
alternatives memorandum (ICF, 2006) and bedrock hotspot
with concentrations above 10 mg/L downgradient of landfill.

3. Aerial photograph from MassGIS/Google web map
service, 2017.

4. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
!A Overburden Monitoring Well

!A Bedrock Monitoring Well

Target alternative LTM well location
(B=Bedrock, O=Overburden)

Feasibility Study Area

Plume AOC Treatment Area

Vapor Mitigation
System Area
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NOTES:

1. Treatment area based on DNAPL zone in overburden
and weathered bedrock from final DNAPL alternatives
memorandum (ICF, 2006) and bedrock hotspot with
concentrations above 10 mg/L downgradient of landfill.

2. Injection locations shown include a combination of
bedrock, overburden, and directional-drilling wells. Final
vertical and horizontal configuration will be determined
based on results of pre-design investigation.

3. One existing well is assumed to be used as an additional
groundwater extraction well.

4. Aerial photograph from MassGIS/Google web map
service, 2017.

5. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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overburden and weathered bedrock from final DNAPL
alternatives memorandum (ICF, 2006) and bedrock hotspot
with concentrations above 10 mg/L downgradient of landfill.

3. Aerial photograph from MassGIS/Google web map
service, 2017.

4. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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NOTES:

1. Treatment area based on DNAPL zone in overburden
and weathered bedrock from final DNAPL alternatives
memorandum (ICF, 2006) and bedrock hotspot with
concentrations above 10 mg/L downgradient of landfill.

2. Injection locations shown include a combination of
bedrock, overburden, and directional-drilling wells. Final
vertical and horizontal configuration will be determined
based on results of pre-design investigation.

3. Aerial photograph from MassGIS/Google web map
service, 2017.

4. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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NATURAL ATTENUATION UPDATE 
NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE – OU2 

ASHLAND, MASSACHUSETTS 
 
 
 
1.0 INTRODUCTION 

Nobis Engineering, Inc. (Nobis) assessed natural attenuation at the Nyanza Chemical Waste 

Dump Superfund Site (the Site) as part of the 2015 Groundwater Monitoring Data Summary 

(Nobis, 2016). Part of that evaluation included analysis of groundwater concentration trends, both 

in terms of key contaminant concentrations and the relative ratios of parent compounds to 

daughter products. 

 

In 2017 and 2018, Nobis performed additional groundwater sampling in selected monitoring wells 

to confirm previous results, provide additional data for statistical trend analysis, and provide for 

an updated conceptual site model (CSM) for the Site. The full sampling results are described in a 

data summary technical memorandum (Nobis, 2018). Previous sampling data for volatile organic 

compounds (VOCs) and geochemistry of interest are included in Table A-1 and A-2, respectively. 

The following subsections provide an updated evaluation of contamination, incorporating these 

data where available.  Locations of the features described below can be found in the data 

summary technical memorandum or in the body of the Feasibility Study (FS) Report (Figure 1-2), 

and Site monitoring wells are depicted on Figure 1-6. 

 

2.0 GEOCHEMISTRY 

Anion concentrations can be used as indicators of anaerobic biodegradation. When oxygen is 

depleted, microbes will preferentially use nitrate and sulfate as electron acceptors to anaerobically 

degrade hydrocarbons. Depletion of these terminal electron acceptors may indicate ongoing 

biodegradation. Dissolved gases (ethane, ethene, and methane) are products of biodegradation 

and can also be used as indicators of microbial activity. 

 

Oxidation-reduction potential (ORP) is a measurement of the tendency of a chemical species to 

acquire electrons and be reduced. In general, positive ORP values indicate oxidizing conditions 

and negative values indicate reducing conditions. Reducing conditions were measured in 24 out 

of 39 wells. Similarly, dissolved oxygen (DO) readings were below 0.5 milligrams per liter (mg/L) 

at 23 wells. In general, these wells were downgradient of the landfill or in the center plume area. 
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Within the core of the overburden plume immediately downgradient of Worcester Air Conditioning 

(WAC) and Nyacol (as represented by MW-06A, MW-112B, MW-201, MW-202, and MW-203B), 

DO concentrations were low (below 1 mg/L), ORP was moderate to low (below 50 mV), nitrate 

concentrations were low (below 0.25 mg/L), and sulfate was low to moderate (below 1,000 mg/L). 

This area appears to exhibit conditions ranging from sulfate reducing to methanogenic. In 

contrast, the areas upgradient (within the landfill and west of the Nyacol and WAC facilities), and 

side-gradient to the overburden plume tend to have mixed low and high ORP and DO and high 

sulfate, with a few locations with high nitrate compared to the other monitoring wells. Methane 

sampling has occurred in a limited number of wells, but a few overburden wells have high 

methane, indicating methanogenic conditions and likely previous microbial activity. These include 

MW-112B (immediately downgradient of the WAC facility) and RMW-405B (downgradient end of 

the northern portion of the plume). 

 

Geochemical indicators in the bedrock monitoring wells do not consistently provide evidence that 

biodegradation has occurred, with relatively high DO (above 0.5 mg/L) and moderate to high ORP 

(above 50 mV) at the landfill and at the WAC facility. ORP and DO were depleted downgradient 

(northeast) of the landfill (MW-09B and MW-104A), upgradient of the WAC (MW-06C), close to 

the edge of the plume (MW-304A and RMW-305A), in the plume core (MW-203A), and 

downgradient of the plume (RMW-405A and MW-406A). Sulfate is depleted in the area 

immediately downgradient of the former Nyacol and WAC facilities and downgradient of the plume 

(MW-406A), possibly indicating previous biodegradation. The limited methane data indicates that 

methane concentrations are highest in the plume core (MW-112A, MW-115B, and MW-203A), 

indicative of previous microbial activity. 

 

Temperature and pH may also impact biodegradation and therefore natural attenuation; neutral 

pH and warm temperatures are optimal. However, these do not vary significantly or consistently 

across the Site. 

 

Biodegradation of chlorinated ethenes and benzenes is sensitive to redox conditions; however, 

optimal conditions are not the same for these two contaminant groups.  
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2.1 Chlorinated Ethenes 

Trichloroethene (TCE) is highly oxidized and therefore susceptible to reductive dechlorination. 

Although TCE can be degraded aerobically by some microbes, the microbes capable of degrading 

its daughter products (dichloroethene [DCE] and vinyl chloride [VC]) do so under anaerobic 

conditions. Also, cometabolism (dechlorination by an enzyme that is produced as a side effect of 

other microbial processes) can degrade chlorinated ethenes only if methane or other VOCs are 

available as a substrate for the primary microbial process. The only microbes that can degrade 

TCE entirely to harmless constituents (ethene and ethane) are the Dehalococcoides group, 

whose presence is correlated best with high methane levels, low nitrate/nitrite levels, and low 

ORP (EPA, 2006).  

 

Overburden monitoring wells with ORP less than -50 mV sampled in fall 2015 were located 

downgradient of the landfill, in the downgradient portion of the southern part of the plume, south 

of Mill Pond, and in one upgradient well to the west. Methane analysis was limited, but available 

results indicated methane above 2 mg/L in the same areas, and also in the downgradient portion 

of the plume. Nitrate concentrations were also below 1 mg/L in these areas and not expected to 

interfere with or inhibit microbial activity. Taken together, conditions appear to be favorable for 

chlorinated ethene degradation downgradient (northeast) of the landfill, near the railroad 

immediately downgradient of the former Nyacol and WAC facilities, and at the downgradient end 

of the plume close to Main Street. These appear to be associated with or downgradient of 

groundwater with high VOCs, which may allow for biodegradation to produce methanogenic 

conditions in the aquifer. The area immediately south of Mill Pond had relatively high nitrate, which 

may inhibit biodegradation there. 

 

Bedrock wells with ORP less than -50 mV sampled in fall 2015 and with generally low DO are 

located downgradient of the landfill, close to the former vault, and in a few areas of the 

downgradient plume AOC. Available results indicated methane concentrations above 2 mg/L 

downgradient of the WAC and Nyacol facilities, but methane was not detected farther along the 

plume. Nitrate concentrations were elevated in bedrock groundwater north of the landfill and 

slightly elevated in the central portion of the plume. The bedrock groundwater does not have 

consistent trends of negative ORP, low DO and high methane. MW-203A is the only well that 

appears to have low ORP/DO and high methane, and also represents an area of relatively low 
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TCE and DCE concentration in the middle of the plume. The inconsistent measurements may 

represent different, discrete bedrock flow paths (fracture-based flow). 

 

Note that tetrachloroethene (PCE) has been detected rarely and at low concentrations at the Site, 

and historical records have not identified use of PCE. Except for one detection of 21 J µg/L at 

MW-113A, all detections of PCE have been less than 2 µg/L. PCE is not considered to be a 

contaminant of concern at the Site. 

 

2.2 Chlorinated Benzenes 

Chlorinated benzenes are less well studied than chlorinated ethenes. However, several studies 

have shown that chlorinated benzenes can be completely mineralized under aerobic conditions, 

with a degradation pathway similar to that of benzene. Under anaerobic (methanogenic) 

conditions, 1,2,4-trichlorobenzene (TCB) may be degraded to 1,4-dichlorobenzene (DCB) and to 

chlorobenzene by the same microbes that can also degrade chlorinated ethenes 

(Dehalococcoides), although sulfate and sulfite inhibit the co-metabolism of 1,2,4-TCB. In general, 

the biodegradation of chlorinated benzenes is slower under anaerobic conditions than under 

aerobic conditions (Lawrence, 2006). 

 

Overburden monitoring wells with potential aerobic conditions in fall 2015 (DO greater than 1, 

moderate to high positive ORP) include wells associated with the landfill, the WAC facility, and to 

a lesser extent, the downgradient plume fringe. The overburden monitoring wells with potential 

methanogenic conditions (including low sulfate) include wells downgradient of the southern 

plume, south of Mill Pond, and in one upgradient location to the west. Methane analysis was 

limited, but available results indicated methane above 2 mg/L in the same areas, and also in the 

downgradient portion of the plume.  

 

Bedrock monitoring wells with potential aerobic conditions in fall 2015 (DO greater than 1, 

moderate to high positive ORP) include the locations associated with and north of the landfill, 

locations on the former WAC, and to a lesser extent, the downgradient plume. The upgradient 

locations also have high sulfate (at least 100 mg/L), which may inhibit degradation. Most of the 

bedrock monitoring wells with ORP less than -50 mV and generally low DO also have relatively 

high sulfate (greater than 100 mg/L), suggesting that biodegradation of chlorinated benzenes 
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would be inhibited. The only well with low ORP, low DO, and low sulfate is located at the far edge 

of the plume. 

 

3.0 CONCENTRATION TRENDS – STATISTICAL SUMMARY 

The 2015 Groundwater report (Nobis, 2016) used a statistical evaluation tool to determine if the 

groundwater concentrations at the Site may be increasing or decreasing, and to provide two sets 

of upper confidence limits (UCLs): one for the entire monitoring period, and one for the last sample 

collected. The statistical tool indicated possibly “statistically significant” (decreasing) trends of two 

primary contaminant indicators (TCE and 1,2-DCB) as well as (increasing) trends of two indicators 

of potential degradation (chlorobenzene and cis-1,2-DCE). The results were updated with 2017 

data where available. Appendix E of Nobis, 2018 provides a discussion of the statistical tool 

results. Results with 2017 sample data available are shown on Figures A-1 through A-8 and 

summarized in Table A-3. Stats tool output is summarized in Attachment A. 

 

Wells were selected for evaluation based on the number of sampling rounds available and the 

number of detections. Wells were used if they had at least four detected results for at least one 

of the primary analytes of interest described above (TCE and 1,2-DCB). The table below provides 

a summary of the statistics tool evaluation based on wells with data available after 2015. 

 

Number of 
wells with at 
least 4 TCE 
detections 

Number of wells 
with at least 4 

1,2-DCB 
detections 

Number of 
individual 
tests run 

Number of 
statistically 
significant 

results 

22 23 92 26 
 

 

Of the 92 tests run, approximately 25 percent indicated increasing concentrations and 

approximately 60 percent indicated decreasing concentrations, as described below. 

 

• Seven tests indicated a statistically-significant increasing trend (primarily of cis-1,2-DCE), 

• 18 tests indicated a qualitative increasing trend (a mix of all four VOCs evaluated), 

• 15 tests indicated an essentially flat trend line, 

• 34 tests indicated a qualitative decreasing trend (all four VOCs evaluated), and 



 Page 6 of 10 Nobis Group® 

• 20 tests indicated either a statistically-significant decreasing trend or the concentrations 

had dropped so much that the trend predicted negative values. 

 

The data collected in 2017 allowed trends at several locations to be classified as “statistically 

significant” that had only qualitative trends when evaluated previously (Nobis, 2016): MW/B-5 (cis-

1,2-DCE and TCE), RW-1 (all four VOCs), MW-201 (cis-1,2-DCE), MW-203A (cis-1,2-DCE and 

TCE), MW-203B (1,2-DCB), MW-302 (TCE), RMW-405A (chlorobenzene) and RMW-405B (1,2-

DCB). In addition, the trends for one or more VOCs at MW-03B, MW-104B, MW-110, MW-115A, 

MW-302, MW-304A, RMW-305A, and MW-503B changed from statistically increasing to not 

statistically significant.  

 

Review of Figures A-1 through A-8 suggests the following: 

 

• Figure A-1 and A-2 (TCE): concentrations are generally decreasing in overburden but 

increasing in bedrock (other than at the plume edge). 

 

• Figure A-3 and A-4 (1,2-DCB): concentrations are generally stable in overburden, but 

decreasing at the plume edge, while concentrations in bedrock are generally decreasing 

except in the downgradient core. 

 

• Figure A-5 and A-6 (cis-1,2-DCE): concentration trends are generally upward except near 

Nyacol and WAC in overburden and in the plume edge in bedrock. 

 

• Figure A-7 and A-8 (chlorobenzene): concentration trends are generally flat in the 

overburden and upward in the downgradient bedrock plume. 

 

4.0 MOLAR FRACTIONS 

Laboratory results were converted to molar concentrations (micromoles per liter [μmol/L]) to 

assess the extent of reductive transformations. This is because transformation of 1 mole of parent 

compound (e.g. TCE) yields 1 mole of daughter products (e.g., cis-1,2-DCE, 1,1-DCE, VC, and 

ethene) (Air Force Center for Engineering and the Environment [AFCEE], 2004; Interstate 

Technology & Regulatory Council [ITRC], 2005). This conversion is accomplished by dividing the 

concentration in µg/L by the molecular weight of the compound. Molar fractions (or ratios) are 
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then calculated by dividing the molar concentration by the total molar concentration of 

chloroethenes or chlorobenzenes, as applicable. Decreases in the molar concentration of more- 

highly chlorinated parent compounds and a corresponding increase in the molar concentration of 

lesser-chlorinated daughter compounds would indicate that chlorinated mass is being reduced 

and transformed ultimately to generally less-toxic end products (AFCEE, 2004). Plotting changes 

over time to the molar fraction in a single well (as percentages), or to total molar concentration, 

shows the effectiveness of degradation at that location.  

 

Table A-4 and Table A-5 summarize the molar ratios for chlorinated ethenes and chlorinated 

benzenes, respectively. Only samples with total molar masses greater than 1 μmol/L are shown, 

as very low detected concentrations (close to the detection limit) are less reliable. The molar 

results for chlorinated ethenes and chlorinated benzenes are described separately below. 

 

4.1 Chlorinated Ethenes 

The stable chlorinated ethene with the greatest number of chlorine atoms is PCE, which can be 

degraded to TCE. TCE may be degraded predominantly to cis-1,2-DCE or occasionally to trans-

1,2-DCE. Both DCE isomers can then be degraded to VC, and subsequently to ethane under 

appropriate conditions. Note that while PCE may degrade to TCE, historical records indicate that 

TCE was used in bulk at the facility (MassDEQE, 1980). In addition, PCE has either not been 

detected or detected at very low concentrations and is not considered a significant component of 

Site contamination. 

 

The molar ratio of chlorinated ethenes has generally remained stable over time (within 10 

percent). Exceptions include the following: 

 

• MW/B-11: DNAPL extraction well with erratic ratios; may be impacted by influences from 

pumping 

• MW-104A: bedrock well downgradient of landfill; erratic TCE/1,2-DCE ratios 

• MW-110: bedrock well east of Nyacol (downgradient of landfill); erratic in TCE/1,2-DCE 

ratios 

• MW-112A: bedrock well east of Nyacol (downgradient of landfill); increasing relative TCE 

concentration 
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• MW-113B: overburden well in potential DNAPL area; slightly erratic TCE/1,2-DCE ratios; 

may be decreasing over time 

• MW-201; downgradient overburden well; decreasing relative TCE concentration 

• MW-202; downgradient overburden well; decreasing relative TCE concentration 

• MW-203A; downgradient bedrock well; relatively high and erratic VC concentration 

• MW-203B; downgradient overburden well; decreasing relative TCE concentration 

• MW-302; downgradient overburden well; decreasing relative TCE concentration 

• MW-304A; bedrock well close to Sudbury River; decreasing relative TCE and increasing 

relative VC ratios 

• RMW-405A; bedrock well at downgradient plume edge; decreasing relative TCE 

concentration 

• RMW405B; overburden well at downgradient plume edge; significant decreasing TCE and 

increasing DCE 

 

4.2 Chlorinated Benzenes 

The stable chlorinated benzene with the most chlorine atoms is hexachlorobenzene, which breaks 

down to pentachlorobenzene. Pentachlorobenzene may be degraded to any of three isomers of 

TCB and then to one of three isomers of DCB. Subsequently, DCB may be degraded to 

chlorobenzene, and chlorobenzene can be mineralized into relatively harmless constituents: 

methane, carbon dioxide, and chloride ions. TCB compounds have been regularly detected in 

groundwater, and 1,2,4-TCB was detected in DNAPL samples; however, these concentrations 

have been much lower than the concentrations of DCB compounds in the same samples. In 

addition, DCB was identified as a hazardous substance used by Nyanza, whereas TCB was not 

(MassDEQE, 1980). Therefore, the DCB compounds appear to originate primarily from direct 

contamination and not from degradation of TCB compounds. However, the change in molar ratios 

in a given well over time may reflect degradation to less chlorinated compounds. 

 

The molar ratio of chlorinated benzenes has generally remained stable over time (within 10 

percent). Exceptions include the following: 

 

• MW-110: bedrock well east of Nyacol (downgradient of landfill); erratic relative 

chlorobenzene ratios 
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• MW-113A: DNAPL extraction well; relative chlorobenzene concentration drop may be due 

to ongoing DNAPL extraction 

• MW-203A; downgradient bedrock well; slightly decreasing 1,2-DCB and increasing 

chlorobenzene over time 

• MW-503B; bedrock well downgradient of landfill; erratic ratios for all chlorinated benzenes 

 

5.0 PLUME DIMENSION CHANGES 

Figure A-9 depicts plume changes from 2003 to 2017-18. TCE was used as the indicator 

contaminant, as it is the only contaminant consistently mapped throughout this period. The plume 

delineation has varied slightly based on the data available, but in general, the plume of elevated 

groundwater concentrations appears to have decreased immediately northeast of the landfill and 

east of the Nyacol and WAC properties. The elevated VOC groundwater concentrations in the 

downgradient plume core also appear to be decreasing. However, the VOC groundwater 

concentrations immediately downgradient of the former vault remain elevated and the general 

plume extent does not appear to have decreased significantly over this period. 

 

6.0 SUMMARY 

Table A-6 presents the natural attenuation summary originally presented in Nobis, 2016 and 

updated with 2017 and 2018 data where available. Figures A-11 through A-14 depict the natural 

attenuation of chlorinated ethenes and chlorinated benzenes in overburden and in bedrock. In 

general, chlorinated ethenes appear to have more evidence for natural degradation, particularly 

in overburden. The results presented here confirm the conclusion reached in Nobis, 2016 that 

natural attenuation is not occurring consistently throughout the OU2 groundwater plume. 

Persistent areas of consistent and even increasing VOC groundwater concentrations may be the 

result of unfavorable geochemical conditions, microbial toxicity due to high concentrations, and/or 

the influence of an upgradient groundwater source. 
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Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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5 100 70 5 5 2 70 600 -- 75
428 1400 -- 194 16 38 150 9990 -- 975

05/01/12 1 U 1 U 1 U 1 U 1 U -- 5.26 U 5.26 U 5.26 U 5.26 U
10/15/12 1 U 1 U 1 U 1 U 1 U -- 5.43 U 5.43 U 5.43 U 5.43 U
04/23/13 1 U 1 U 1 U 1 U 1 U -- 5.43 U 5.43 U 5.43 U 5.43 U
10/23/13 1 U 1 U 1 U 1 U 1 U -- 9.3 U 9.3 U 9.3 U 0.43 U
03/27/14 1 U 1 U 1 U 1 U 1.7 -- 9.5 U 9.5 U 9.5 U 0.44 U
10/07/14 1 U 1 U 1 U 1 U 1.1 -- 9.5 U 9.5 U 9.5 U 0.44 U
04/09/15 1 U 1 U 1 U 1 U 3.2 -- 9.4 U 9.4 U 9.4 U 0.43 U
10/07/15 1 U 1 U 1 U 1 U 1 U -- 10 U 10 U 10 U 0.46 U
04/25/12 1 U 1 U 4.3 1 U 90.5 -- 5.21 U 5.21 U 5.21 U 5.21 U
10/15/12 1 U 1 U 8.4 1 U 138 -- 5.15 U 5.15 U 5.15 U 5.15 U
04/23/13 5 U 5 U 11.5 5 U 315 -- 5.43 U 5.43 U 5.43 U 5.43 U
10/22/13 1 U 7.3 33 1 U 1100 -- 0.68 J 14 9.3 U 2.2 J
03/27/14 8 U 8 U 17 8 U 440 -- 0.47 J 6.2 J 9.6 U 1.2 J
10/07/14 8 U 8 U 22 8 U 560 -- 20 U 7.7 J 20 U 1.1 J
04/09/15 8 U 8 U 10 8 U 270 -- 9.9 U 2.0 J 9.9 U 0.46 U
10/07/15 8 U 8.2 36 8 U 900 -- 0.65 J 15 9.9 U 2.2 J
11/13/17 10 U 10 U 10 U 10 U 130 10 U 10 U 10 U 10 U 10 U
01/20/11 1.1 57 37 1 U 88 1 U 24 71 2.2 16
11/09/12 5.0 U 19 5.0 U 5.0 U 5.5 5.0 U 3.4 J 22 5.0 U 5.0 U
11/04/13 5 U 5 U 1.8 J 5 U 5 U 5 U 6.6 15 5 U 5 U
11/05/14 5 U 1.6 J 1.5 J 5 U 1.2 J 5 U 2.4 J 5 U 5 U 5 U
11/30/15 5 U 7.7 6.2 5 U 2.4 J 5 U 6 16 5 U 3.2 J
11/14/17 1 U 1 U 1 U 1 U 1 U 10 U 1 U 1.3 1 U 1 U

MADEP-MW-2 01/20/11 1 U 21 15 1 U 35 1 U 14 33 1 7.5

01/18/11 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
11/06/12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/04/13 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
11/05/14 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
12/01/15 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
01/18/11 1 U 1 U 1.3 1 U 16 1 U 1 U 1 U 1 U 1 U
11/06/12 5.0 U 5.0 U 5.0 U 5.0 U 34 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/04/13 5 U 5 U 5.7 5 U 75 5 U 5 U 5 U 5 U 5 U
11/05/14 5 U 0.44 J 2.5 J 5 U 33 5 U 5 U 5 U 5 U 5 U
12/01/15 5 U 5 U 2.6 J 5 U 40 5 U 5 U 5 U 5 U 5 U
11/15/17 1 U 1 U 1 U 1 U 8.3 1 U 1 U 1 U 1 U 1 U
11/06/12 5.0 U 5.0 U 5.0 U 5.0 U 11 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/04/13 5 U 5 U 6.3 5 U 81 5 U 5 U 5 U 5 U 5 U
11/05/14 5 U 0.64 J 5.7 5 U 72 5 U 5 U 5 U 5 U 5 U
12/01/15 5 U 5 U 4.4 J 5 U 53 5 U 5 U 5 U 5 U 5 U
11/15/17 1 U 1 U 1.2 1 U 14 1 U 1 U 1 U 1 U 1 U

MADEP-MW-1

MW-03A

MW-03B

MW-04B 

MW-04C

MW-04A

MCL
Site-Specific VISL

Nobis Group

I II I I I I I I I I I I 



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 12

Be
nz

en
e

C
hl

or
ob

en
ze

ne

ci
s-

1,
2-

D
ic

hl
or

oe
th

en
e

Te
tra

ch
lo

ro
et

he
ne

Tr
ic

hl
or

oe
th

en
e

Vi
ny

l c
hl

or
id

e

1,
2,

4-
Tr

ic
hl

or
ob

en
ze

ne

1,
2-

D
ic

hl
or

ob
en

ze
ne

1,
3-

D
ic

hl
or

ob
en

ze
ne

1,
4-

D
ic

hl
or

ob
en

ze
ne

5 100 70 5 5 2 70 600 -- 75
428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

01/11/11 500 U 17000 500 U 500 U 8700 500 U 500 U 22000 720 4800
1700 U 27000 1700 U 1700 U 17000 1700 U 1700 UJ 30000 1100 J 7100
1700 U 28000 1700 U 1700 U 17000 1700 U 1700 UJ 31000 1100 J 7400

11/08/12 500 U 15000 500 U 500 U 7100 500 U 500 U 20000 820 5500
11/05/13 60 J 21000 72 J 250 U 18000 250 U 280 31000 1100 6400
11/04/14 84 J 21000 77 6.9 J 19000 5 U 430 J 32000 1200 J 7300
12/01/15 5.2 J 21000 100 100 U 21000 100 U 300 36000 1300 7900
11/16/17 65 24000 55 50 U 24000 50 U 320 35000 1400 8200
01/19/11 1 U 22 96 1 U 10 1.3 41 20 1 U 3.5
08/14/12 1.2 J 58 76 5.0 U 22 5.0 U 22 15 3.9 J 10
11/07/12 5.0 U 27 19 5.0 U 9.8 5.0 U 14 12 5.0 U 5.4
05/22/13 5.0 U 38 47 5.0 U 11 5.0 U 44 29 3.0 J 2.7 J
11/06/13 1.5 J 67 49 5 U 18 0.56 J 37 45 5 U 11
04/29/14 1.3 130 37 1 U 14 1 U 70 67 4.3 19
11/05/14 2 J 80 66 5 U 26 5 U 26 17 5.4 14
05/13/15 1 U 67 59 1 U 13 1 U 54 68 3.2 15
11/30/15 5 U 73 70 5 U 21 5 U 32 29 4.6 J 14
11/16/17 1 U 9.7 12 1 U 2.9 1 U 2.6 4.9 1 U 2.2
11/07/13 17 150 170 5 U 10 1.1 J 16 380 5.2 48
11/06/14 23 180 J 200 5 U 7.2 5 U 18 500 5 J 55
11/14/17 12 170 170 5 U 7.3 5 U 15 410 5 U 54

MW-08 01/19/11 1 U 1.1 8.7 1 U 5.1 1 U 1 U 4.7 1.5 1.9
11/07/12 5.0 U 24 6.2 5.0 U 5.0 U 5.0 U 5.0 U 16 5.0 U 5.7
11/06/13 5 U 42 14 5 U 5 U 0.91 J 5 U 20 5 U 7.4
11/05/14 5 U 9.6 8 5 U 2.2 J 5 U 1.4 J 22 5 U 9.7
12/02/15 5 U 15 9.8 5 U 2.3 J 5 U 2.1 J 25 5 U 13
11/07/12 5.0 U 5.0 U 16 5.0 U 4.6 J 5.0 U 5.0 U 48 5.0 U 5.4
11/06/13 5 U 5 U 19 5 U 9.7 5 U 5 U 74 5 U 9
11/05/14 5 U 2.7 J 25 5 U 20 5 U 2.7 J 100 1.1 J 12
12/02/15 5 U 2.8 J 31 5 U 12 5 U 2.9 J 120 5 U 14
04/24/12 1 U 1 U 1 U 1 U 1.2 -- 5.56 U 8.37 5.56 U 5.56 U
04/23/13 1 U 1 U 1 U 1 U 1 U -- 5.05 U 5.98 5.05 U 5.05 U
03/25/14 1 U 1 U 1 U 1 U 1 U -- 9.6 U 5.7 J 9.6 U 0.85 J
04/07/15 1 U 1 U 1 U 1 U 1 U -- 9.2 U 9.2 U 9.2 U 0.42 U

MW-10A

MW-06A

MW-06B   

04/19/12

MW-09A

MW-09B

MW/B-5

Nobis Group
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5 100 70 5 5 2 70 600 -- 75
428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

04/24/12 1 U 1 U 1 U 1 U 1 U -- 5.49 U 5.49 U 5.49 U 5.49 U
10/15/12 1 U 1 U 1 U 1 U 1 U -- 5.75 U 5.75 U 5.75 U 5.75 U
04/23/13 1 U 1 U 1 U 1 U 1 U -- 5.62 U 5.62 U 5.62 U 5.62 U
10/22/13 1 U 0.99 J 1 U 1 U 0.08 J -- -- -- -- --
03/26/14 1 U 1 U 1 U 1 U 0.48 J -- 9.4 U 1.9 J 9.4 U 0.43 U
10/06/14 1 U 1 U 1 U 1 U 1 U -- 9.6 U 9.6 U 9.6 U 0.44 U
04/07/15 1 U 1 U 1 U 1 U 1 U -- 9.4 U 9.4 U 9.4 U 0.43 U
10/08/15 1 U 1 U 1 U 1 U 1 U -- 9.6 U 9.6 U 9.6 U 0.44 U
11/09/12 400 U 30000 190 J 400 U 6900 400 U 240 J 46000 1200 8400
11/06/13 140 J 54000 360 J 1000 U 20000 1000 U 1700 110000 4200 26000
11/06/14 21 12000 240 J 1.3 J 2400 7.7 340 J 26000 780 J 5700
12/01/15 23 J 9200 620 25 U 700 12 J 290 15000 630 4200

MW-40MAIN 11/15/17 1 U 1 U 3.3 1 U 4.1 1 U 1 U 1 U 1 U 1 U
RMW-102 01/17/11 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
MW-103 01/14/11 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U

11/07/12 20 U 50 710 20 U 1700 20 U 20 U 2000 15 J 200
11/06/13 25 U 34 430 25 U 990 12 J 25 U 2700 25 U 220
11/05/14 2.7 J 52 470 J 5 U 2000 J 5 U 19 3000 J 22 300 J
12/02/15 5 U 21 210 5 U 340 15 11 1400 14 170
11/14/17 50 U 50 U 130 50 U 340 50 U 50 U 1700 50 U 180
11/07/12 5.0 U 5.0 U 28 5.0 U 7.8 5.0 U 5.0 U 11 5.0 U 5.0 U
11/06/13 5 U 5 U 73 5 U 17 5 U 5 U 5.4 5 U 5 U
11/05/14 5 U 5 U 61 5 U 24 5 U 5 U 10 0.53 J 5 U
12/02/15 5 U 5 U 64 5 U 26 5 U 5 U 8.4 5 U 1.4 J

11/13/17 1 U 1 U 10 1 U 5.6 1 U 1 U 1.1 1 U 1 U
10 U 170 180 10 U 37 10 U 25 530 10 U 75
10 U 170 170 10 U 34 10 U 25 530 10 U 74

11/07/13 2.1 J 170 210 5 U 7.3 1.3 J 28 570 7.4 78
11/06/14 4.8 J 170 200 5 U 16 J 5 U 20 J 540 6.3 J 71
12/03/15 3.3 J 180 180 5 U 17 5 U 25 450 5 U 77
08/15/12 0.63 J 23 73 5.0 U 15 0.60 J 80 40 5.0 U 6.8
11/07/12 5.0 U 15 28 5.0 U 6.5 5.0 U 43 29 5.0 U 4.6 J
05/22/13 5.0 U 4.9 J 3.7 J 5.0 U 1.6 J 5.0 U 11 5.0 U 5.0 U 5.0 U
11/06/13 5 U 22 45 5 U 14 0.5 J 69 33 5 U 5.6
04/29/14 1 U 39 19 1 U 9.9 1 U 52 37 1 U 5.5
11/05/14 5 U 53 130 5 U 56 5 U 58 39 1 J 7.2
05/13/15 5 U 100 230 5 U 24 5 U 74 78 5 U 15
11/30/15 5 U 36 80 5 U 18 5 U 61 56 5 U 11
11/15/17 5 U 27 43 5 U 16 5 U 5 U 49 5 U 9

MW-104A

MW-104B

MW-10B

01/18/11

MW-107

MW-110

MW/B-11

Nobis Group

I II I I I I I I I I I I 



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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5 100 70 5 5 2 70 600 -- 75
428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

01/20/11 1 U 7.5 19 1 U 19 1 U 1.1 17 1 U 3
11/05/13 2.1 J 50 180 5 U 160 2.6 J 5 U 100 5 U 15
11/04/14 5 U 35 37 J 5 U 54 5 U 5 U 82 3 J 11
12/01/15 1.8 J 43 120 5 U 130 5 U 5 U 100 2.7 J 16
11/14/17 1 U 2.4 2.4 1 U 3.6 1 U 1 U 7.3 1 U 1.3
11/05/13 5 U 7.9 3.4 J 5 U 5 U 5 U 9.1 26 5 U 5.5
11/04/14 0.43 J 5.7 2.8 J 5 U 2 J 5 U 6.6 19 0.68 J 5 U
12/01/15 5 U 8.4 3.7 J 5 U 2.2 J 5 U 8.2 26 5 U 5.4
11/14/17 1 U 2.3 1 U 1 U 1 U 1 U 1 U 9 1 U 1.8
01/11/11 200 U 16000 200 U 200 U 13000 200 U 280 26000 870 5800
11/08/12 400 U 19000 400 U 400 U 17000 400 U 400 U 28000 890 6100
11/06/13 140 J 49000 27 J 500 U 47000 500 U 510 64000 2500 15000
11/05/14 270 J 70000 J 26 J 21 J 83000 J 50 U 2400 J 96000 J 2500 J 20000 J
12/01/15 24 29000 12 4.1 J- 18000 5 U 99 63000 2300 J 14000

25 U 39 37 25 U 190 25 U 25 U 99 25 U 17 J
25 U 72 60 25 U 510 25 U 12 J 160 25 U 32

11/07/12 5.0 U 64 67 5.0 U 290 5.0 U 26 240 9.7 42
05/22/13 5.0 U 120 100 5.0 U 440 5.0 U 25 350 13 70
11/06/13 0.81 J 86 100 5 U 320 7.8 20 220 10 44
04/30/14 10 U 120 120 10 U 580 J 10 U 12 240 10 U 50
11/05/14 5 U 56 67 5 U 140 5 U 3.5 J 110 4 J 17
05/13/15 10 U 83 87 10 U 340 10 U 10 U 160 10 U 34
12/01/15 5 U 110 110 5 U 290 6 11 260 9.1 45
11/16/17 10 U 90 89 10 U 200 10 U 10 U 150 10 U 32
04/19/12 75 J 1800 310 250 U 3100 250 U 250 U 1700 250 U 240 J
08/14/12 37 J 1800 J 140 100 U 1600 100 U 100 UJ 820 J 100 UJ 120 J

46 J 2600 130 50 U 2300 50 U 110 1600 50 U 280
46 J 2500 130 50 U 2200 50 U 130 1600 50 U 270

05/20/13 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
37 2100 150 25 U 2100 4.3 J 50 1000 25 U 160
37 2100 150 25 U 2100 5 J 58 1000 25 U 160

04/29/14 26 1400 140 1 U 1200 2.5 46 580 7.6 140
44 2800 150 0.55 J 2600 5 U 87 J 1400 18 J 250
42 2800 140 0.62 J 2600 5 U 84 J 1400 16 J 250
37 2600 140 20 U 2200 20 U 77 1300 J 20 U 220
37 2700 150 20 U 2200 20 U 81 1300 20 U 230

41 J 2900 190 J+ 50 U 2200 J+ 50 U 74 J 1200 17 J 210
42 J 2900 210 50 U 2600 50 U 110 J 1500 50 U 260

11/13/17 100 U 2700 170 100 U 2200 100 U 100 U 1400 100 U 260

MW-113B

MW-115A

11/05/12

11/05/13

11/03/14

05/12/15

08/15/12

11/30/15

MW-113A

MW-112A

MW-112B

Nobis Group



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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5 100 70 5 5 2 70 600 -- 75
428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

01/13/11 10 U 190 67 10 U 640 10 U 35 160 10 U 27
08/14/12 30 J 1300 320 100 U 2100 100 U 120 1300 100 U 210
11/05/12 50 U 1600 290 50 U 2500 50 U 220 1800 50 U 320
05/20/13 23 J 1500 230 25 U 2100 25 U 160 1700 22 J 250
11/05/13 28 1600 310 25 U 2600 8.4 J 190 1800 31 310
04/29/14 50 U 1600 290 50 U 2600 50 U 200 1700 50 U 300
11/04/14 29 1600 360 J 5 U 2600 8.3 160 1600 24 280
05/12/15 50 U 1500 350 50 U 2400 50 U 160 1600 50 U 290
11/30/15 30 J 1600 400 50 U 2600 50 U 230 1900 31 J 330

100 U 1400 410 100 U 2000 100 U 180 1600 100 U 290
100 U 1400 390 100 U 2000 100 U 100 U 1500 100 U 280

11/06/12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/06/13 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
11/06/14 5 U 5 U 5 U 5 U 3.9 J 5 U 5 U 5 U 5 U 5 U
12/03/15 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
01/10/11 10 400 130 1 U 240 2.3 120 400 11 93
11/05/12 7.4 390 100 5.0 U 180 5.0 U 120 460 8.2 66
11/04/13 6.5 300 100 5 U 190 1.4 J 110 360 8.6 65
11/04/14 6.2 280 120 5 U 190 5 U 98 350 8.1 65
12/02/15 9.2 380 180 5 U 240 5 U 160 450 12 98
11/14/17 6.1 360 160 5 U 170 5 U 120 430 8.2 77

15.7 710 100 1 U 390 3.5 220 720 15.6 120
15.8 710 99 1 U 380 2.4 230 710 15.5 120

11/05/12 52 2500 360 25 U 1500 25 U 800 2600 45 390
11/04/13 50 2400 420 25 U 1400 9.1 J 830 2400 52 450
11/04/14 51 J 2200 490 5 U 1200 8.2 620 2100 40 350
12/02/15 47 2300 560 5 U 1100 6.8 680 2300 5 U 420
11/13/17 50 U 1800 580 50 U 640 50 U 440 1800 50 U 320
01/10/11 67.6 3600 110 1 U 500 460 69.2 1500 31.4 280
04/19/12 170 J 7600 230 J 250 U 1100 1000 250 U 3000 50 J 480
08/13/12 170 J 7000 210 J 400 U 4100 300 J 400 U 3000 400 U 500
11/05/12 140 6400 220 40 U 2800 350 140 3200 49 500
05/21/13 110 5700 350 25 U 1800 600 75 2700 29 370
11/04/13 140 5500 390 50 U 1600 1300 52 1800 50 U 280
04/29/14 140 6400 51 50 U 250 2100 86 2400 50 U 370
11/04/14 190 J 6600 150 J 5 U 1600 780 82 J 2400 37 J 390
05/11/15 130 7600 91 50 U 1300 1600 65 2100 50 U 320
12/02/15 140 6200 3.5 J 5 U 17 2000 35 J+ 1500 23 J+ 250
11/13/17 130 7600 50 U 50 U 170 1200 50 U 1900 50 U 290

01/10/11

MW-115B

11/13/17

MW-201

MW-202

MW-203A

RMW-116A

Nobis Group



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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5 100 70 5 5 2 70 600 -- 75
428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

01/11/11 16 750 170 10 U 560 10 U 210 700 15 130
08/13/12 34 J 2100 530 100 U 1200 100 U 660 2000 100 U 390
11/05/12 30 1800 370 25 U 800 25 U 620 2000 34 290
05/21/13 26 1700 380 10 U 730 10 U 760 2100 29 290
11/04/13 31 1700 500 25 U 900 7.6 J 660 1900 44 360
04/29/14 32 2000 530 25 U 890 25 U 770 2000 37 350
11/04/14 31 1900 J 630 J 5 U 760 J 5.9 580 J 2100 J 38 340 J
05/11/15 31 2400 690 25 U 800 25 U 630 2000 34 360
12/02/15 28 1600 640 5 U 590 6.1 550 1900 5 U 330
11/13/17 50 U 1600 610 50 U 370 50 U 380 1600 50 U 280
01/14/11 10 U 55.3 145.2 10 U 174.8 15.2 11.8 128 10 U 28.8
11/06/12 5.0 U 24 10 5.0 U 69 5.0 U 5.0 U 32 5.0 U 5.6
11/06/13 1.4 J 38 38 5 U 360 3.1 J 7.4 84 5 U 17
11/04/14 1.2 J 37 43 5 U 310 5.7 J 6.6 80 3 J 17
12/02/15 5 U 12 15 5 U 45 5 U 4.6 J 41 5 U 9.6
01/14/11 50.1 435.1 214.2 20 U 335.4 20 U 20 U 577.2 84 80.2

41 370 160 5.0 U 330 5.0 U 15 610 6.3 65
39 350 150 5.0 U 290 5.0 U 14 550 5.7 59

05/22/13 54 400 180 5.0 U 320 5.0 U 17 670 6.6 87
11/05/13 46 440 230 0.68 J 320 1.7 J 19 640 10 U 80
04/28/14 51 460 260 5 U 400 5 U 20 570 6.9 86
11/04/14 42 450 J 280 J 0.81 J 360 J 5 U 15 J 620 J 7 76 J
05/13/15 42 430 230 10 U 350 10 U 19 510 10 U 74

38 410 230 5 U 260 5 U 23 490 7.5 74
43 410 250 5 U 250 5 U 24 480 7.4 76

11/15/17 26 340 190 10 U 130 10 U 10 370 10 U 53
01/17/11 50 U 1200 450 50 U 2000 65 50 U 1100 50 U 220
04/19/12 44 J 2000 170 160 U 800 160 U 160 U 2000 52 J 390
08/13/12 36 J 1300 660 100 U 2600 29 J 100 1400 100 U 290
11/06/12 27 J 1000 480 5.0 U 1700 46 42 1200 24 180

28 1100 J 470 25 U 2200 25 U 41 1600 J 23 J 200
26 940 500 5.0 U 1800 27 49 1200 22 200

11/05/13 32 1100 510 25 U 1800 110 33 1100 31 220
04/28/14 50 U 1000 590 50 U 2100 55 60 1100 50 U 220
11/05/14 29 1200 590 5 U 2400 83 42 J 1500 29 J 270
05/12/15 27 960 680 20 U 1800 66 54 20 U 30 230
12/01/15 32 1100 800 J+ 25 U 2500 54 59 1300 36 280

50 U 1100 660 50 U 1800 50 U 50 U 1200 50 U 230
50 U 1000 610 50 U 1800 190 50 U 1100 50 U 210

05/21/13

11/07/12

12/03/15

11/15/17

MW-203B

MW-302

MW-304A

MW-204A

Nobis Group



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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5 100 70 5 5 2 70 600 -- 75
428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

01/17/11 5 U 120 170 5 U 120 5.8 20 230 5 40
08/13/12 2.3 J 110 200 10 U 130 4.6 J 27 230 5.8 J 41
11/06/12 5.0 U 51 63 5.0 U 55 5.0 U 9.2 93 5.0 U 17
05/21/13 5.0 U 110 190 5.0 U 120 5.0 U 25 280 5.8 46
11/05/13 2.4 J 130 220 5 U 140 8.3 30 320 8.2 57

2 U 160 210 2 U 170 5.3 37 300 7.9 64
2 U 160 200 2 U 180 5.4 39 280 8 63

11/05/14 1.8 J 110 J 160 J 5 U 130 J 5 U 23 250 J 5.9 44 J
05/12/15 2 U 160 240 2 U 140 5.9 32 320 7.6 63
12/01/15 2.2 J 110 150 5 U 100 2.2 J 23 210 5.4 41
11/15/17 5 U 99 130 5 U 90 5 U 5 U 190 5 U 37
08/15/12 50 U 290 90 50 U 950 50 U 58 650 50 U 140
11/06/12 5.0 U 180 60 5.0 U 870 5.0 U 49 730 18 100
05/21/13 20 U 340 80 20 U 1100 20 U 75 1000 24 170
11/06/13 1.8 J 360 100 10 U 1000 2.8 J 78 880 33 190
04/29/14 25 U 310 140 25 U 940 25 U 53 660 25 U 150

1 J 310 J 130 5 U 1100 J 5 U 69 820 J 25 140
1 J 310 J 140 5 U 1100 J 5 U 73 830 J 26 150

05/12/15 2 U 320 110 2 U 780 3.1 77 680 31 180
11/30/15 5 U 330 170 5 U 880 5 U 81 820 32 180
11/14/17 50 U 280 99 50 U 850 50 U 50 U 660 50 U 140
01/21/11 1 U 1 U 1 U 1 U 1 1 U 1 U 1 U 1 U 1 U
08/15/12 5.0 U 5.0 U 5.0 U 5.0 U 2.0 J 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/06/12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
05/21/13 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/06/13 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
04/29/14 1 U 1 U 2.2 1 U 5.3 1 U 1 U 1.2 1 U 1 U
11/05/14 5 U 0.93 J 0.54 J 5 U 2.6 J 5 U 5 U 5 U 5 U 5 U
05/12/15 1 U 5 13 1 U 4.8 1 U 1 U 5.9 1 U 1.8
11/30/15 5 U 5 U 5 U 5 U 2.4 J 5 U 5 U 3.5 J 5 U 5 U
11/14/17 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U

MW-306 01/21/11 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
250 U 4200 150 J 250 U 12000 250 U 250 U 3900 250 U 700
250 U 3900 250 U 250 U 14000 250 U 250 U 3500 96 J 670

11/05/13 49 J 5500 130 J 250 U 14000 250 U 250 U 4400 250 U 850
11/04/14 5 U 5 U 5 U 5 U 24 5 U 5 U 5 U 1.7 J 5 U
12/01/15 5 U 5 U 5 U 5 U 14 5 U 5 U 5 U 5 U 5 U
11/09/12 130 U 130 U 520 130 U 8000 130 U 130 U 610 130 U 130 U
11/07/13 200 U 200 U 530 200 U 14000 200 U 200 U 760 200 U 200 U
11/05/14 2.6 J 49 460 J 1.4 J 12000 7.5 J 2.7 J 400 J 4 J 36
12/02/15 50 U 29 J 490 50 U 7100 J+ 50 U 50 U 220 50 U 25 J

01/20/11 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U

RMW-403A

11/07/12

04/28/14

11/05/14

MW-402

MW-401

MW-304B

RMW-305A

MW-305B

Nobis Group



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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5 100 70 5 5 2 70 600 -- 75
428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

08/13/12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/06/12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
05/20/13 5.0 U 5.0 U 5.0 U 5.0 U 5.0 UJ 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/04/13 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
04/29/14 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
11/03/14 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
05/12/15 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
11/30/15 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
01/19/11 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
08/13/12 5.0 U 5.0 U 5.0 U 5.0 U 0.91 J 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/06/12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
05/20/13 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/05/13 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
04/29/14 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
11/04/14 5 U 2.3 J 5 U 5 U 1.7 J 5 U 5 U 5 U 5 U 5 U
05/12/15 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
12/01/15 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U

MW-404B 11/14/17 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
08/14/12 2.1 J 220 41 10 U 190 10 U 6.5 J 140 10 U 24
11/05/12 5.0 U 57 19 5.0 U 51 5.0 U 5.0 U 24 5.0 U 5.0 U
05/20/13 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/05/13 2.2 J 160 49 5 U 120 0.4 J 5 U 73 5 U 11
04/29/14 1 U 65 26 1 U 54 1 U 1 U 32 1 U 5.4
11/03/14 1.8 J 110 40 5 U 83 5 U 1.3 J 53 0.78 J 8.9
05/13/15 2 U 70 23 2 U 58 2 U 2 U 39 2 U 7.1
11/30/15 5 U 78 25 5 U 66 5 U 5 U 42 5 U 7.8
11/15/17 5 U 31 19 5 U 35 5 U 5 U 12 5 U 5 U
08/14/12 47 J 2800 890 100 U 3000 100 U 130 2000 100 U 360
11/05/12 37 J 2400 810 50 U 2200 50 U 130 1800 50 U 290
05/20/13 50 U 2400 1200 50 U 1700 50 U 130 2000 320 280
11/05/13 35 2400 1500 25 U 1400 7.1 J 140 1800 29 320
04/29/14 32 2600 2000 50 U 1100 50 U 160 1800 50 U 310
11/03/14 37 2500 2300 J 5 U 680 6.1 150 J 2000 25 J 340
05/13/15 100 U 2300 2200 100 U 370 100 U 140 1600 100 U 300
11/30/15 36 2400 2400 5 U 220 7.8 190 1900 31 330
11/15/17 100 U 2300 2300 100 U 100 U 100 U 120 1600 100 U 300

RMW-403B

RMW-403A

RMW-405A

RMW-405B

Nobis Group

I II I I I I I I I I I I 



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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5 100 70 5 5 2 70 600 -- 75
428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

01/13/11 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
08/14/12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/07/12 5.0 U 4.3 J 5.0 U 5.0 U 8 5.0 U 5.0 U 14 5.0 U 5.0 U
05/20/13 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/05/13 5 U 5 U 0.3 J 0.18 J 5 U 5 U 5 U 5 U 5 U 5 U
04/28/14 1 U 1 U 1 U 1 1 U 1 U 1 U 1 U 1 U 1 U
11/03/14 5 U 3 J 1.8 J 0.89 J 0.91 J 5 U 5 U 5 U 5 U 5 U
05/11/15 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
11/30/15 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
01/13/11 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
08/14/12 5.0 U 5.0 U 0.66 J 1.2 J 1.3 J 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/07/12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
05/20/13 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/05/13 5 U 5 U 0.65 J 0.79 J 5 U 5 U 5 U 5 U 5 U 5 U
04/28/14 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
11/03/14 5 U 5 U 1 J 0.88 J 1.5 J 5 U 5 U 5 U 5 U 5 U
05/11/15 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
11/30/15 5 U 5 U 5 U 5 U 1.7 J 5 U 5 U 5 U 5 U 5 U
04/25/12 1 U 1 U 1 U 1 U 1 U -- 5.38 U 5.38 U 5.38 U 5.38 U

04/24/13 1 U 1 U 1 U 1 U 1 U -- 5.49 U 5.49 U 5.49 U 5.49 U

03/27/14 1 U 1 U 1 U 1 U 1 U -- 9.4 U 9.4 U 9.4 U 0.43 U

04/09/15 1 U 1 U 1 U 1 U 1 U -- 9.3 U 9.3 U 9.3 U 0.43 U

04/25/12 1 U 1 U 1 U 1 U 1 U -- 5.43 U 5.43 U 5.43 U 5.43 U

10/15/12 1 U 1 U 1 U 1 U 1 U -- 5.32 U 5.32 U 5.32 U 5.32 U

04/24/13 1 U 1 U 1 U 1 U 1 U -- 6.33 U 6.33 U 6.33 U 6.33 U

10/22/13 1 U 1 U 1 U 1 U 1 U -- 9.4 U 9.4 U 9.4 U 0.43 U

03/27/14 1 U 1 U 1 U 1 U 1 U -- 9.8 U 9.8 U 9.8 U 0.45 U

10/08/14 1 U 1 U 1 U 1 U 1 U -- 9.8 U 9.8 U 9.8 U 0.45 U

04/09/15 1 U 1 U 1 U 1 U 1 U -- 9.5 U 9.5 U 9.5 U 0.44 U

10/07/15 1 U 1 U 1 U 1 U 1 U -- 9.7 U 9.7 U 9.7 U 0.45 U

04/24/12 1 U 1 U 1 U 1 U 1 U -- 5.62 U 5.62 U 5.62 U 5.62 U

10/16/12 1 U 1 U 1 U 1 U 1 U -- 5.15 U 5.15 U 5.15 U 5.15 U

04/23/13 1 U 1 U 1 U 1 U 1 U -- 5.26 U 5.26 U 5.26 U 5.26 U

10/22/13 1 U 1 U 1 U 1 U 1 U -- 11 U 11 U 11 U 0.51 U

03/27/14 1 U 1 U 1 U 1 U 1 U -- 9.6 U 9.6 U 9.6 U 0.44 U

10/08/14 1 U 1 U 1 U 1 U 1 U -- 9.5 U 9.5 U 9.5 U 0.44 U

04/09/15 1 U 1 U 1 U 1 U 1 U -- 9.3 U 9.3 U 9.3 U 0.43 U

10/07/15 1 U 1 U 1 U 1 U 1 U -- 9.5 U 9.5 U 9.5 U 0.44 U

MW-502B

MW-501A

MW-406B

MW-406A

MW-501B

Nobis Group



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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MW-03A

MCL
Site-Specific VISL

04/24/12 1 U 1 U 1 U 1 U 1 U -- 6.33 U 6.33 U 6.33 U 6.33 U

10/16/12 1 U 1 U 1 U 1 U 1 U -- -- -- -- --

11/09/12 5.0 UJ 5.0 U 5.0 U 5.0 U 4.0 J 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
04/24/13 1 U 1 U 1 U 1 U 1 U -- 5.56 U 5.56 U 5.56 U 5.56 U

03/27/14 1 U 1 U 1 U 1 U 1 U -- 9.5 U 9.5 U 9.5 U 0.43 U

04/07/15 1 U 1 U 1 U 1 U 1 U -- 9.4 U 9.4 U 9.4 U 0.43 U

04/24/12 1 U 1 U 1 U 1 U 16.5 -- 5.68 U 5.68 U 5.68 U 5.68 U

10/16/12 2.61 26.8 272 1 U 6790 -- 5.21 U 61.8 5.21 U 7.65

11/08/12 5.0 U 4.1 J 6 5.0 U 240 5.0 U 5.4 180 13 25
04/24/13 1 U 1 U 1 U 1 U 8.6 -- 5.62 U 5.62 U 5.62 U 5.62 U

11/07/13 100 U 100 U 92 J 100 U 7900 100 U 100 U 260 100 U 100 U
03/27/14 1 U 1.1 2.1 1 U 120 -- 9.6 U 1.6 J 9.6 U 0.44 U

10/07/14 17 25 230 4 U 10000 -- 48 U 170 J 52 U 50 U

04/07/15 1 U 1 U 1 U 1 U 35 -- 9.8 U 9.8 U 9.8 U 0.45 U

12/02/15 50 U 27 J 320 50 U 11000 50 U 50 U 210 50 U 17 J

04/25/12 1 U 2.3 1 U 1 U 1 U -- 5.68 U 5.68 U 5.68 U 5.68 U

10/15/12 1 U 1.45 1 U 1 U 1 U -- 5.49 U 5.49 U 5.49 U 5.49 U
04/23/13 

and 
05/09/13

1 U 2.63 1 U 1 U 1 U
--

5.26 U 5.26 U 5.26 U 5.26 U

10/22/13 1 U 0.99 J 1 U 1 U 1 U -- 9.3 U 9.3 U 9.3 U 0.43 U

03/26/14 1 U 1.9 1 U 1 U 1 U -- 48 U 48 U 2.3 U 2.2 U

10/06/14 1 U 1.0 1 U 1 U 1 U -- 9.4 U 9.4 U 9.4 U 9.4 U

04/07/15 1 U 2.7 1 U 1 U 1 U -- 9.4 U 0.44 J 9.4 U 0.43 U

10/08/15 1 U 1.3 1 U 1 U 1 U -- 9.8 U 9.8 U 9.8 U 0.45 U

04/25/12 1 U 2.9 1 U 1 U 1 U -- 5.68 U 5.68 U 5.68 U 5.68 U

10/15/12 1 U 1.86 1 U 1 U 1 U -- 5.32 U 5.32 U 5.32 U 5.32 U

04/23/13 1 U 3.85 1 U 1 U 1 U -- 5.68 U 5.68 U 5.68 U 5.68 U

10/22/13 1 U 1.4 1 U 1 U 1 U -- 9.4 U 9.4 U 9.4 U 0.43 U

03/26/14 1 U 4.4 1 U 1 U 1 U -- 4.2 U 96 U 4.6 U 4.4 U

10/06/14 1 U 1.8 1 U 1 U 1 U -- 19 U 19 U 19 U 19 U

04/07/15 1 U 4.6 1 U 1 U 1 U -- 9.4 U 1.3 J 9.4 U 0.43 U

10/08/15 1 U 1.8 1 U 1 U 1 U -- 9.8 U 9.8 U 9.8 U 0.45 U

05/01/12 1 U 1 U 1 U 1 U 1 U -- 5.38 U 5.38 U 5.38 U 5.38 U

04/24/13 1 U 1 U 1 U 1 U 1 U -- 5.32 U 5.32 U 5.32 U 5.32 U

03/27/14 1 U 1 U 1 U 1 U 1 U -- 9.4 U 9.4 U 9.4 U 0.43 U

04/09/15 1 U 1 U 1 U 1 U 1 U -- 10 U 10 U 10 U 0.48 U

MW-504A

MW-504B

MW-505A

MW-503A

MW-503B

Nobis Group



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

05/01/12 1 U 1 U 1 U 1 U 7.9 -- 5.21 U 5.21 U 5.21 U 5.21 U

10/16/12 1 U 1 U 1 U 1 U 3.52 -- 5.32 U 5.32 U 5.32 U 5.32 U

04/24/13 1 U 1 U 1 U 1 U 6.02 -- 5.43 U 5.43 U 5.43 U 5.43 U

10/22/13 1 U 1 U 0.90 J 1 U 8.7 -- 9.3 U 9.3 U 9.3 U 0.43 U

03/27/14 1 U 1 U 0.86 J 1 U 7.4 -- 9.4 U 9.4 U 9.4 U 0.43 U

10/07/14 1 U 1 U 1 U 1 U 6.6 -- 9.2 U 9.2 U 9.2 U 0.42 U

04/09/15 1 U 1 U 1 U 1 U 4.7 -- 9.4 U 9.4 U 9.4 U 0.43 U

10/07/15 1 U 1 U 1 U 1 U 5.6 -- 10 U 10 U 10 U 0.46 U

MW-506A 04/09/15 1 U 1 U 1 U 1 U 1 U -- 9.8 U 9.8 U 9.8 U 0.45 U

05/01/12 1 U 1 U 1 U 1 U 1 U -- 5.32 U 5.32 U 5.32 U 5.32 U

10/16/12 1 U 1 U 1 U 1 U 1 U -- 5.43 U 5.43 U 5.43 U 5.43 U

04/24/13 1 U 1 U 1 U 1 U 1 U -- 5.75 U 5.75 U 5.75 U 5.75 U

10/23/13 1 U 1 U 1 U 1 U 1 U -- 9.7 U 9.7 U 9.7 U 0.44 U

03/27/14 1 U 1 U 1 U 1 U 1 U -- 11 U 11 U 11 U 0.48 U

10/07/14 1 U 1 U 1 U 1 U 1 U -- 9.4 U 9.4 U 9.4 U 0.43 U

04/09/15 1 U 1 U 1 U 1 U 1 U -- 10 U 10 U 10 U 0.48 U

10/06/15 1 U 1 U 1 U 1 U 1 U -- 9.2 U 9.2 U 9.2 U 0.43 U

MW-701S 05/02/18 10 U 370 170 10 U 200 10 U 89 380 10 U 70
1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U

P-1S 01/11/11 1 U 1 U 4.8 1 U 2.4 1 U 1 U 1 U 1 U 1 U
P-4 01/11/11 10 U 374.4 99.3 10 U 1000 10 U 65.3 1100 48.4 252.5

01/11/11 10 U 502.3 91.2 10 U 1500 10 U 75.2 1300 60.7 318.9
11/08/12 100 U 1600 80 J 100 U 1700 100 U 75 J 4600 180 1200
11/06/13 20 J 4500 200 100 U 6100 100 U 180 9900 400 2300
11/05/14 5 U 5.5 4 J 5 U 99 5 U 5.8 120 12 29
12/01/15 5 U 5 U 5.6 5 U 26 5 U 1.6 J 9.1 3.6 J 5 U
11/15/17 1 U 1 U 1 U 1 U 1.5 1 U 1 U 1 U 1 U 1 U

11/09/12 400 U 400 U 400 U 400 U 23000 400 U 400 U 400 U 400 U 400 U
250 U 250 U 140 J 250 U 18000 250 U 250 U 1200 250 U 250 U
250 U 250 U 140 J 250 U 20000 250 U 250 U 1200 250 U 250 U
3.1 J 76 170 0.68 J 25000 5 U 17 2000 21 160
3.1 J 75 170 0.67 J 26000 5 U 17 1600 21 160
50 U 100 J 180 50 U 24000 J 50 U 23 J 1400 J 50 U 190 J

100 U 71 J 140 100 U 22000 100 U 100 U 990 J 100 U 140 J

MW-505B

SB-600

RW-1

MW-702S

12/02/15

05/02/18

MW-506B

11/06/13

11/06/14

Nobis Group



Table A-1
Historical Data Comparison - VOC Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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428 1400 -- 194 16 38 150 9990 -- 975

MW-03A

MCL
Site-Specific VISL

01/21/11 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
11/06/12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
11/05/13 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
11/04/14 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
12/03/15 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
04/24/12 1 U 1 U 1 U 1 U 1 U -- 5.56 U 5.56 U 5.56 U 5.56 U
10/16/12 1 U 1 U 1 U 1 U 1 U -- 5.62 U 5.62 U 5.62 U 5.62 U
04/24/13 1 U 1 U 1 U 1 U 0.69 J -- 5.43 U 5.43 U 5.43 U 5.43 U
10/23/13 1 U 1 U 1 U 1 U 1 U -- 9.2 U 9.2 U 9.2 U 0.42 U
03/26/14 1 U 1 U 1 U 1 U 1 U -- 9.5 U 9.5 U 9.5 U 0.44 U
10/06/14 1 U 1 U 1 U 1 U 1 U -- 9.6 U 9.6 U 9.6 U 0.44 U
04/07/15 1 U 1 U 1 U 1 U 1 U -- 10 U 10 U 10 U 0.47 U
10/07/15 1 U 1 U 1 U 1 U 1 U -- 9.4 U 9.4 U 9.4 U 0.43 U

Notes:

5. -- No Data

2. Bold concentrations exceed federal Maximum Contaminant Level. Shaded concentrations exceed site-specific vapor intrusion 
screening levels.

Manhole

WP-105

3. U qualified data not detected above laboratory detection limit.
4. J qualified data is an estimated value.

1. All concentrations reported in micrograms per liter (ug/L).

Nobis Group



Table A-2
Historical Data Comparison - Anions Results Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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MW-03B 11/13/17 14 350 -- 0.12 U -- 72 4.61
01/18/11 4.9 0.1 U 0.02 U 0.1 U 0.03 U 14 2.31
11/06/12 4.7 0.66 0.15 0.05 U 0.015 U 10 0.5
11/04/13 9.6 0.05 U 0.011 U 0.05 U 0.015 U 6.8 0.27
11/05/14 8.1 2.2 0.5 0.25 U 0.076 U 4.7 0.68
12/01/15 5.5 0.66 0.14 0.05 U -- 5.5 0.2
01/18/11 110 1.4 B 0.32 0.1 U 0.03 U 110 4.62
11/06/12 140 2.6 0.59 0.05 UJ 0.015 U 130 1.32
11/04/13 200 0.27 0.06 0.05 U 0.015 U 200 0.35
11/05/14 98 0.98 0.22 0.25 U 0.076 U 96 1.55
12/01/15 110 2.4 0.54 0.05 U -- 100 1.25
11/06/12 59 0.05 U 0.011 U 0.05 U 0.015 U 60 0.9
11/04/13 93 0.22 0.05 0.05 U 0.015 U 160 0.34
11/05/14 94 0.44 0.1 0.25 U 0.076 U 140 0.44
12/01/15 78 0.05 U -- 0.05 U -- 110 0.4
01/11/11 120 -- 0.02 U -- 0.03 U 130 4.9
04/19/12 -- -- -- -- -- -- 0.26
11/08/12 160 70 16 4.5 1.4 320 2.29
11/05/13 240 3.6 0.81 0.05 U 0.015 U 300 0.24
11/04/14 230 1.5 0.34 0.5 U 0.15 U 220 J 0.34
12/01/15 290 0.05 U -- 0.05 U -- 230 0.44
01/19/11 91 0.1 U 0.02 U 0.1 U 0.03 U 43 0.92
08/14/12 0.12 0.00005 U 0.000011 U 0.00005 U 0.000015 U 0.038 0.41
11/07/12 92 0.05 U 0.011 U 0.05 U 0.015 U 42 0.24
11/06/13 94 0.05 U 0.011 U 0.05 U 0.015 U 32 0.39
04/29/14 340 0.05 U 0.011 U 0.05 U 0.015 U 33 0.39
11/05/14 230 0.25 U 0.056 U 0.25 U 0.076 U 51 0.36
05/13/15 170 0.5 U 0.11 U 0.5 U 0.15 U 46 0.21
11/30/15 260 J 0.05 U -- 0.05 U -- 40 0.18
11/07/13 460 0.05 U 0.011 U 0.05 U 0.015 U 300 1.35
11/06/14 570 0.3 0.06 0.25 U 0.076 U 260 0.47

MW-08 01/19/11 110 6 JB 1.4 0.1 U 0.02 U 450 1.89
11/07/12 110 1 U 0.22 U 1 U 0.3 U 420 0.87
11/06/13 140 0.5 U 0.11 U 0.5 U 0.15 U 410 0.38
11/05/14 110 0.89 0.2 0.25 U 0.076 U 280 0.33
12/02/15 180 0.05 U -- 0.05 U -- 290 0.74
11/07/12 23 0.05 U 0.011 U 0.05 U 0.015 U 430 2.49
11/06/13 23 0.72 0.16 0.5 U 0.15 U 220 6.93
11/05/14 33 0.25 U 0.056 U 0.25 U 0.076 U 430 0.22
12/02/15 110 0.05 U -- 0.05 U -- 450 0.33
11/09/12 72 2.7 0.61 4.6 1.4 700 0.47
11/06/13 150 0.54 J 0.12 J 0.5 UJ 0.15 UJ 810 --
11/06/14 330 24 J 5.4 J 0.25 U 0.076 U 670 --
12/01/15 160 1.5 0.34 0.05 U -- 1100 --

RMW-102 01/17/11 73 -- 0.02 U -- 0.03 U 17 --
MW-103 01/14/11 15 -- 0.02 U -- 0.03 U 22 --

11/07/12 290 1 U 0.22 U 1 U 0.3 U 410 0.49
11/06/13 230 0.2 0.05 0.5 U 0.15 U 350 0.47
11/05/14 240 0.25 U 0.056 U 0.25 U 0.076 U 370 0.29
12/02/15 190 0.05 U -- 0.05 U -- 300 0.32
11/14/17 170 -- -- 0.044 -- 270 --

MW-104A

MW-04A

MW-09B

MW/B-11

MW-04B

MW-04C

MW/B-5

MW-06A

MW-09A

MW-06B

Nobis Group
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11/07/12 16 0.05 U 0.011 U 0.05 U 0.015 U 260 0.6
11/06/13 9.2 0.06 0.01 0.5 U 0.15 U 290 0.32
11/05/14 24 0.31 0.07 0.25 U 0.076 U 340 0.24
12/02/15 12 0.05 U -- 0.05 U -- 340 0.46
11/13/17 17 0.023 U -- 0.045 -- 290 0.07

330 0.1 U 0.02 U 0.1 U 0.03 U 400 0.83
330 0.1 U 0.02 U 0.1 U 0.03 U 400 0.83

11/07/13 350 0.05 U 0.011 U 0.05 U 0.015 U 460 1.04
11/06/14 340 0.25 U 0.056 U 0.25 U 0.076 U 410 6.06
12/03/15 350 J 0.05 UJ -- 0.05 UJ -- 420 J 0.68
08/15/12 46 0.05 U 0.011 U 0.05 U 0.015 U 38 0.53
11/07/12 34 0.05 U 0.011 U 0.05 U 0.015 U 34 0.75
11/06/13 40 0.05 U 0.011 U 0.05 U 0.015 U 26 0.25
04/29/14 35 0.05 U 0.011 U 0.05 U 0.015 U 28 0.31
11/05/14 160 0.32 0.07 0.25 U 0.076 U 42 0.47
05/13/15 150 0.5 U 0.11 U 0.5 U 0.15 U 54 0.28
11/30/15 140 J 0.05 U -- 0.05 U -- 44 1.3
01/20/11 210 0.1 U 0.02 U 0.1 U 0.03 U 140 0.45
11/05/13 300 0.19 0.04 0.05 U 0.015 U 330 0.39
11/04/14 180 0.26 0.06 0.25 U 0.076 U 120 J 0.35
12/01/15 250 0.05 U -- 0.05 U -- 190 0.57
11/14/17 190 -- -- -- 0.015 84 0.25
11/05/13 110 0.05 U 0.011 U 0.05 U 0.015 U 22 0.39
11/04/14 160 0.34 0.076 0.25 U 0.076 U 21 J 0.4
12/01/15 170 0.05 U -- 0.05 U -- 25 0.73
11/14/17 190 -- -- 0.043 -- 26 0.26
01/11/11 44 -- 0.02 U -- 0.03 U 34 0.86
11/08/12 13 0.26 0.06 0.05 U 0.015 U 22 0.95
11/06/13 25 0.05 U 0.011 U 0.05 U 0.015 U 51 --
11/05/14 47 0.25 U 0.056 U 0.25 U 0.076 U 0.5 U --
08/15/12 37 0.93 0.21 0.05 U 0.015 U 62 2.52
11/07/12 35 0.95 0.21 0.05 U 0.015 U 62 2.52
05/22/13 53 0.05 U 0.011 U 0.05 U 0.015 U 96 0.41
11/06/13 70 0.2 0.05 J 0.5 U 0.15 UJ 130 0.4
04/30/14 82 1 0.23 0.05 U 0.015 U 110 --
11/05/14 73 0.32 0.07 0.25 U 0.076 U 100 0.43
05/13/15 110 0.5 0.11 0.5 U 0.15 U 94 0.26
12/01/15 88 0.05 U -- 0.05 U -- 91 0.8
08/14/12 -- -- -- -- -- -- 0.16

4 0.01 U 0.0022 U 0.01 U 0.0031 U 2.1 0.5
3300 10 2.3 1 U 0.3 U 1700 0.26

05/20/13 3500 6.5 1.5 1 U 0.3 U 1800 0.26
3700 5 UJ 1.12 UJ 5 UJ 1.52 UJ 2000 0.66
3600 5 UJ 1.12 UJ 5 UJ 1.52 UJ 2000 0.66

04/29/14 3700 5 UJ 1.1 UJ 5 UJ 1.5 UJ 1900 0.2
3400 0.5 0.11 0.5 U 0.14 U 1900 0.32
3200 0.51 0.12 0.5 U 0.14 U 1800 0.32

3800 J 0.52 0.12 0.5 U 0.15 U 2000 J 0.35
1200 J 0.53 0.12 0.5 U 0.15 U 1100 J --
3100 J 0.05 U -- 0.05 U -- 1800 5.22
3200 J 0.05 UJ -- 0.05 U -- 1700 --

11/13/17 1600 0.023 UJ -- 0.012 -- 1900

MW-104B

MW-112A

01/18/11

MW-107

MW-110

MW-113A

MW-113B

11/03/14

11/05/13

11/30/15

05/12/15

MW-112B

MW-115A

11/05/12

Nobis Group
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01/13/11 1700 -- 0.02 U -- 0.03 U 1700 5.55
08/14/12 2 0.005 U 0.0011 U 0.005 U 0.0015 U 1.9 1.03
11/05/12 1700 1 U 0.22 U 1 U 0.3 U 1800 0.43
11/05/13 1800 5 UJ 1.1 UJ 5 UJ 1.52 UJ 1800 0.31
04/29/14 1700 5 UJ 1.1 UJ 5 UJ 1.5 UJ 1700 1.04
11/04/14 1700 0.28 0.064 0.25 U 0.076 U 1900 J 0.31
05/12/15 1700 0.51 0.12 0.5 U 0.15 U 1700 0.67
11/30/15 1700 J 0.05 U -- 0.05 U -- 1600 0.23

1600 0.023 UJ -- 0.078 -- 1600 0.22
1900 0.023 U -- 0.08 -- 1900 0.22

11/06/12 11 0.87 0.2 0.05 U 0.015 U 27 8.15
11/06/13 12 0.94 J 0.21 J 0.05 U 0.015 U 22 5.02
11/06/14 13 0.54 0.12 0.25 U 0.076 U 19 --
12/03/15 16 J 1.2 J 0.27 J 0.05 UJ -- 20 J 9.59
01/10/11 400 -- 0.02 U -- 0.03 U 340 0.33
11/05/12 270 0.6 0.14 0.05 U 0.03 U 220 0.2
11/04/13 270 0.44 0.09 0.05 U 0.015 U 190 0.43
11/04/14 280 0.27 J 0.061 J 0.25 UJ 0.076 UJ 170 J 1.01
12/02/15 360 0.05 U -- 0.05 U -- 210 0.29

470 -- 0.02 U -- 0.03 U 730 7.82
470 -- 0.02 U -- 0.03 U 740 7.82

11/05/12 450 2.1 0.47 1 U 0.3 U 710 0.82
11/04/13 420 0.42 0.09 1 U 0.015 U 670 0.37
11/04/14 340 0.5 U 0.11 U 0.5 U 0.15 U 630 J 0.61
12/02/15 370 0.18 0.04 0.05 U -- 610 0.76
01/10/11 5200 -- 0.02 U -- 0.03 U 2700 0.23
08/13/12 -- -- -- -- -- -- 0.12
11/05/12 6900 10 U 2.2 U 10 U 3 U 3700 1.36
05/21/13 5900 5.3 1.2 1 U 0.3 U 3200 0.08
11/04/13 6100 5 U 1.1 U 5 U 1.5 U 3200 0.07
04/29/14 6300 5 UJ 1.1 UJ 5 UJ 1.5 UJ 3400 0.08
11/04/14 5700 2.3 J 0.52 J 0.25 UJ 0.076 UJ 3300 J 0.1
05/11/15 7.3 0.84 J 0.19 J 0.7 J 0.21 J 5.7 0.03
12/02/15 6300 2.8 0.63 0.5 U -- 3500 0.25
01/11/11 320 -- 0.02 U -- 0.02 U 550 0.8
08/13/12 320 4.7 0.03 0.05 U 0.015 U 540 0.7
11/05/12 280 1 U 0.22 U 1 U 0.3 U 490 0.98
11/04/13 260 0.32 0.07 0.05 U 0.015 U 480 0.23
04/29/14 2800 0.13 0.03 0.05 U 0.015 U 4700 2.22
11/04/14 240 0.4 J 0.09 J 0.5 U 0.15 U 450 J 0.33
05/11/15 290 0.5 UJ 0.11 UJ 0.5 UJ 0.15 UJ 490 0.31
12/02/15 250 0.14 0.03 0.05 U -- 450 0.32
11/13/17 230 -- 0.023 U -- 0.091 380 0.13
01/14/11 86 -- 0.02 U -- 0.03 U 310 3.29
11/06/12 580 0.05 U 0.011 U 0.05 U 0.015 U 1200 0.68
11/06/13 1100 3.4 J 0.77 J 5 UJ 1.5 UJ 2800 0.45
11/04/14 300 1.1 0.25 0.5 U 0.15 U 1600 J 1.45
12/02/15 67 0.45 0.1 0.05 U -- 300 5.54

01/10/11

MW-201

MW-202

RMW-116A

MW-203A

MW-204A

11/13/17

MW-115B

MW-203B

Nobis Group
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01/14/11 900 -- 0.02 U -- 0.03 U 560 0.61
890 1 U 0.22 U 1 U 0.3 U 600 0.67
900 1 U 0.22 U 1 U 0.3 U 600 0.67

11/05/13 900 0.05 U 0.011 U 0.05 U 0.015 U 580 0.65
04/28/14 960 2 0.45 0.05 U 0.015 U 610 1.03
11/04/14 1000 0.55 0.12 0.5 U 0.15 U 650 J 0.8
05/13/15 1000 0.31 J 0.07 J 0.5 U 0.15 U 760 0.23

940 J 0.05 UJ -- 0.05 UJ -- 570 J 0.42
950 J 0.05 UJ -- 0.05 UJ -- 570 J --

01/17/11 2800 -- 0.02 U -- 0.03 U 1400 0.41
04/19/12 -- -- -- -- -- -- 0.18
08/13/12 2900 10 U 2.2 U 10 U 3 U 1500 0.36
11/06/12 2800 0.05 U 0.011 U 0.05 U 0.015 U 1400 0.93
11/05/13 2700 0.05 U 0.011 U 0.05 U 0.015 U 1400 0.1
04/28/14 2500 0.05 U 0.011 U 0.05 U 0.015 U 1400 0.3
11/05/14 2500 1 0.23 0.25 U 0.076 U 1400 0.16
05/12/15 2300 1.4 0.32 0.5 U 0.15 U 1400 0.6
12/01/15 2400 2.5 U -- 2.5 U -- 1400 0.19
01/17/11 830 -- 0.02 U -- 0.03 U 550 0.42
08/13/12 950 0.26 0.06 0.05 U 0.015 U 620 0.53
11/06/12 970 0.05 U 0.011 U 0.05 U 0.015 U 610 0.39
11/05/13 920 0.05 U 0.011 U 0.05 U 0.015 U 600 0.48

930 1.7 0.38 0.05 U 0.015 U 600 1.01
1100 1.9 0.43 0.05 U 0.015 U 670 1.01

11/05/14 1000 0.25 U 0.056 U 0.25 U 0.076 U 680 0.37
05/12/15 1000 0.5 0.11 0.5 U 0.15 U 650 0.49
12/01/15 1000 E 1.4 0.32 0.05 U -- 630 1.12
08/15/12 100 0.05 U 0.011 U 0.05 U 0.015 U 250 0.44
11/06/12 97 0.05 U 0.011 U 0.05 U 0.015 U 270 0.33
11/06/13 110 0.17 J 0.04 J 0.5 UJ 0.15 UJ 290 0.36
04/29/14 100 0.05 U 0.011 U 0.05 U 0.015 U 260 1.15

100 0.25 U 0.056 U 0.25 U 0.076 U 250 0.43
100 0.25 U 0.056 U 0.25 U 0.076 U 260 0.43

42136 110 0.5 U 0.11 U 0.5 U 0.15 U 250 0.34
42338 110 J 0.5 U -- 0.5 U -- 250 0.24

01/21/11 39 5.4 J 1.2 0.1 U 0.03 U 41 1.17
08/15/12 35 1.9 0.43 0.05 U 0.015 U 42 0.51
11/06/12 24 0.81 0.18 0.05 U 0.015 U 45 0.38
11/06/13 32 1.9 0.43 0.05 U 0.015 U 44 0.34
04/29/14 130 2 0.45 0.05 U 0.015 U 52 1.04
11/05/14 35 0.83 0.19 0.25 U 0.076 U 51 0.33
05/12/15 110 1.3 0.29 0.5 U 0.15 U 74 0.59
11/30/15 36 1.1 0.25 0.05 U -- 50 0.4
11/14/17 61 0.24 -- 0.012 U -- 42 0.3

MW-306 01/21/11 26 0.1 U 0.02 U 0.1 U 0.03 U 6.4 --
650 1 U 0.22 U 1 U 0.3 U 500 0.35
640 1 U 0.22 U 1 U 0.3 U 500 0.35

11/05/13 750 0.05 U 0.015 U 0.05 U 0.011 U 560 0.24
11/04/14 1.4 1.3 0.29 0.05 U 0.015 U 2.2 J 9.04
12/01/15 4.9 1.1 0.25 0.05 U -- 0.58 9.2
11/09/12 210 5.1 1.2 0.05 U 0.015 U 590 1.51
11/07/13 220 5.2 1.17 0.05 U 0.015 U 610 1.68
11/05/14 200 5.6 1.3 0.25 U 0.076 U 560 0.69
12/02/15 200 5.7 1.3 0.05 U -- 550 0.67

04/28/14

RMW-305A

MW-401

MW-402

MW-305B

12/03/15

MW-302

MW-304B

MW-304A

11/07/12

11/07/12

11/05/14

Nobis Group
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01/20/11 140 14 3.2 0.1 U 0.03 U 34 3.76
08/13/12 150 11 2.5 0.05 U 0.015 U 34 3.26
11/06/12 130 9.9 2.2 0.05 UJ 0.015 U 36 1.43
11/04/13 160 12 2.71 0.05 U 0.015 U 27 4.59
04/29/14 180 12 2.7 0.05 U 0.015 U 25 5.57
11/03/14 220 13 2.9 0.05 U 0.014 U 23 5.43
05/12/15 210 13 2.9 0.5 U 0.15 U 24 6.16
11/30/15 210 J 12 2.7 0.05 U -- 26 5.35
01/19/11 170 0.1 U 0.02 U 0.1 U 0.03 U 42 --
08/13/12 190 1.7 0.38 0.05 U 0.015 U 33 1.75
11/06/12 170 1.2 0.27 0.05 U 0.015 U 37 2.19
11/05/13 180 0.31 J 0.07 J 0.05 U 0.015 U 33 9.69
04/29/14 170 0.16 0.04 0.05 U 0.015 U 33 4.32
11/04/14 170 1.2 0.27 0.5 U 0.15 U 36 J 3.85
05/12/15 190 0.5 U 0.11 U 0.5 U 0.15 U 32 4.01
12/01/15 200 0.05 U -- 0.05 U -- 330 4.49
08/14/12 0.42 0.0013 0.00029 0.00005 U 0.000015 U 0.22 2.37
11/05/12 360 1.2 0.27 1 U 0.3 U 180 1.24
11/05/13 4000 0.05 U 0.011 U 0.05 U 0.015 U 2200 0.39
04/29/14 330 0.053 0.012 0.05 U 0.015 U 170 0.35
11/03/14 390 0.2 0.04 0.05 U 0.014 U 190 0.64
05/13/15 330 0.5 U 0.11 U 0.5 U 0.15 U 160 0.24
11/30/15 310 J 0.05 U -- 0.05 U -- 140 0.4
08/14/12 3.7 0.01 U 0.0022 U 0.01 U 0.0031 U 2.8 0.54
11/05/12 3200 6.9 1.6 1 U 0.3 U 2600 1.08
11/05/13 3400 5 UJ 1.1 UJ 5 UJ 1.5 UJ 2700 0.27
04/29/14 3100 5 UJ 1.1 U 5 UJ 1.5 U 2500 0.97
11/03/14 2900 0.5 0.11 0.5 U 0.14 U 2600 0.73
05/13/15 3300 0.7 0.16 0.5 U 0.15 U 2600 0.34
11/30/15 3100 J 0.05 U -- 0.05 U -- 2400 3.59
01/13/11 230 -- 0.02 U -- 0.03 U 33 --
08/14/12 0.22 0.00005 U 0.000011 U 0.00005 U 0.000015 U 0.029 0.49
11/07/12 110 0.05 U 0.011 U 0.05 UJ 0.015 U 16 0.45
11/05/13 150 0.5 U 0.011 U 0.5 UJ 0.15 UJ 19 0.29
04/28/14 240 0.05 U 0.011 U 0.05 U 0.015 U 29 0.24
11/03/14 170 0.05 U 0.011 U 0.05 U 0.014 U 21 0.43
05/11/15 150 0.5 UJ 0.11 UJ 0.5 UJ 0.15 UJ 15 0.35
11/30/15 190 J 0.05 U -- 0.05 U -- 20 0.26
01/13/11 190 -- 0.02 U -- 0.03 U 32 --
08/14/12 0.19 0.00005 U 0.000011 U 0.00005 U 0.000015 U 0.035 0.47
11/07/12 170 0.05 U 0.011 U 0.05 UJ 0.015 U 37 0.48
11/05/13 190 0.05 U 0.011 U 0.5 UJ 0.15 UJ 35 0.26
04/28/14 250 4.7 1.1 0.05 UJ 0.015 UJ 33 1.33
11/03/14 190 0.05 U 0.011 U 0.05 UJ 0.014 U 38 0.37
05/11/15 250 1.1 J 0.25 J 0.5 U 0.15 UJ 35 0.28
11/30/15 100 J 0.05 U -- 0.05 U -- 21 0.51

MW-503A 11/09/12 1 2.5 0.56 0.22 0.07 45 0.56
11/08/12 27 5.7 1.3 0.05 U 0.015 U 57 1.69
11/07/13 100 5.5 1.24 0.05 U 0.015 U 290 10.87
12/02/15 94 1.5 0.34 0.05 U -- 270 1.24

P-1S 01/11/11 21 -- 0.02 U -- 0.03 U 150 1.64
P-4 01/11/11 140 -- 0.02 U -- 0.02 U 190 --

RMW-405B

RMW-405A

RMW-403B

RMW-403A

MW-503B

MW-406B

MW-406A

Nobis Group
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01/11/11 110 -- 0.02 U -- 0.02 U 210 0.44
11/08/12 72 3.3 0.74 0.05 UJ 0.015 U 130 0.31
11/06/13 140 0.3 J 0.07 J 0.5 UJ 0.15 UJ 230 0.53
11/05/14 13 0.65 0.15 0.25 U 0.076 U 11 4.4
12/01/15 15 0.56 0.13 0.05 U -- 10 5.51
11/09/12 510 1.8 0.41 0.05 U 0.015 U 460 0.33

520 0.62 J 0.14 J 1 UJ 0.3 UJ 470 0.41
520 0.48 J 0.11 J 1 UJ 0.3 UJ 480 0.41
520 0.31 0.07 0.25 U 0.076 U 470 0.22
520 0.31 0.07 0.25 U 0.076 U 460 0.22
620 0.05 U -- 0.05 U -- 490 0.89
610 0.05 U -- 0.05 U -- 490 --

01/21/11 120 14 J 3.2 0.1 U 0.03 U 12 0.39
11/06/12 95 0.05 U 0.011 U 0.05 U 0.015 U 4.8 1.11
11/05/13 120 0.05 U 0.011 U 0.05 U 0.015 U 0.19 0.32
11/04/14 160 0.6 0.14 0.5 U 0.15 U 0.44 J 0.62
12/03/15 170 J 0.05 UJ -- 0.05 UJ -- 0.01 UJ 0.32

Notes:

2. U qualified data not detected above laboratory detection limit.
3. J qualified data is an estimated value.
4. -- No Data

1. All concentrations reported in milligrams per liter (mg/L).

11/06/13

WP-105

RW-1

12/02/15

SB-600 11/06/14

Nobis Group
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Statistical Tool Results
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Well ID Location 
Type

Chemical of 
Concern

Target 
Level

Conc. 
Mean 95% UCL

95% UCL at 
last sampling 

event

UCL Calculation 
Method

Statistical 
Slope Trend

Qualitative 
Slope Trend

Change 
from 

2015?
Trend Calculation Method

1,2-DCB 600 5 10 13 KM Chebyshev UCL no trend no trend No Ordinary Least Squares
Chlorobenzene 100 decreasing -- No
cis-1,2-DCE 70 14 27 37 KM Chebyshev UCL no trend increasing No Ordinary Least Squares
TCE 5 350 500 1,000 Student's t UCL no trend increasing No Ordinary Least Squares
cis-1,2-DCE 70
TCE 5 38 61 77 Student's t UCL no trend decreasing NA Ordinary Least Squares
cis-1,2-DCE 70 4.1 9.0 9.4 KM Chebyshev UCL no trend decreasing NA Ordinary Least Squares
TCE 5 46 77 139 Student's t UCL no trend decreasing Yes Ordinary Least Squares
1,2-DCB 600 31,000 41,000 48,300 Chebyshev UCL no trend increasing No Ordinary Least Squares
Chlorobenzene 100 22,000 26,000 33,700 Student's t UCL no trend no trend No Ordinary Least Squares
cis-1,2-DCE 70 260 790 5 Chebyshev UCL decreasing -- Yes Theil-Sen/Mann-Kendall
TCE 5 18,000 23,000 34,600 Student's t UCL increasing -- Yes Ordinary Least Squares
1,2-DCB 600 33 49 89 Student's t UCL no trend decreasing Yes Ordinary Least Squares
Chlorobenzene 100 61 83 123 Student's t UCL no trend decreasing Yes Ordinary Least Squares
cis-1,2-DCE 70 48 62 83 Student's t UCL no trend decreasing Yes Ordinary Least Squares
TCE 5 15 19 25 Student's t UCL no trend decreasing Yes Ordinary Least Squares
1,2-DCB 600 49,000 98,000 179,000 Student's t UCL no trend decreasing NA Ordinary Least Squares
Chlorobenzene 100 26,000 51,000 78,800 Student's t UCL no trend decreasing NA Ordinary Least Squares
cis-1,2-DCE 70 350 5,070 1,040 Student's t UCL no trend increasing NA Ordinary Least Squares
TCE 5 6,500 26,100 39,900 Chebyshev UCL no trend decreasing NA Ordinary Least Squares
1,2-DCB 600 2,200 3,640 3,640 Student's t UCL no trend decreasing No Ordinary Least Squares
Chlorobenzene 100 37 66 70 KM Chebyshev UCL no trend decreasing No Ordinary Least Squares
cis-1,2-DCE 70 390 610 330 Student's t UCL decreasing -- No Theil-Sen/Mann-Kendall
TCE 5 1,100 1,800 2,050 Student's t UCL no trend decreasing No Ordinary Least Squares
1,2-DCB 600 7 11 12 Student's t UCL no trend no trend No Ordinary Least Squares
Chlorobenzene 100
cis-1,2-DCE 70 47 73 112 Student's t UCL no trend decreasing Yes Ordinary Least Squares
TCE 5 16 25 45 Student's t UCL no trend decreasing Yes Ordinary Least Squares
1,2-DCB 600 72 168 132 Chebyshev UCL no trend decreasing NA Theil-Sen/Mann-Kendall
Chlorobenzene 100 33 58 57 Student's t UCL no trend decreasing NA Theil-Sen/Mann-Kendall
cis-1,2-DCE 70 85 180 262 Student's t UCL no trend decreasing NA Ordinary Least Squares
TCE 5 87 170 235 Student's t UCL no trend decreasing NA Ordinary Least Squares

unable to calculate - negative values predicted

BR - cross 
gradient

MW-03B BR - cross 
gradient

MW-04B OB - cross 
gradient

unable to calculate - fewer than 4 detected data points

MW-04C

unable to calculate - fewer than 4 detected data points

MW/B-5 BR/OB - 
WAC

MW-06A

OB - down 
gradient 

south plume 
edge

MW/B-11 BR - Nyacol

MW-104A
BR - down 
gradient of 

landfill

MW-112A
BR - west of 

down gradient 
plume

MW-104B
OB - down 
gradient of 

landfill

I I I I I I I I I I I I I 



Table A-3
Statistical Tool Results

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 4

Well ID Location 
Type

Chemical of 
Concern

Target 
Level

Conc. 
Mean 95% UCL

95% UCL at 
last sampling 

event

UCL Calculation 
Method

Statistical 
Slope Trend

Qualitative 
Slope Trend

Change 
from 

2015?
Trend Calculation Method

MW-03B BR - cross 
gradient

1,2-DCB 600 20 29 35 Student's t UCL no trend no trend NA Ordinary Least Squares
Chlorobenzene 100 6 9 12 Student's t UCL no trend decreasing NA Ordinary Least Squares
1,2-DCB 600 55,000 83,000 135,000 Student's t UCL no trend increasing NA Ordinary Least Squares
Chlorobenzene 100 37,000 59,000 105,000 Student's t UCL no trend increasing NA Ordinary Least Squares
cis-1,2-DCE 70 73 150 26.8 Student's t UCL no trend decreasing NA Ordinary Least Squares
TCE 5 36,000 65,000 127,000 Student's t UCL no trend increasing NA Ordinary Least Squares
1,2-DCB 600 210 260 322 Student's t UCL no trend decreasing Yes Ordinary Least Squares
Chlorobenzene 100 87 100 152 Student's t UCL no trend increasing No Ordinary Least Squares
cis-1,2-DCE 70 88 100 150 Student's t UCL no trend increasing No Ordinary Least Squares
TCE 5 330 410 476 Student's t UCL no trend decreasing No Ordinary Least Squares
1,2-DCB 600 1,100 1,800 2,000 KM Chebyshev UCL no trend increasing No Ordinary Least Squares
Chlorobenzene 100 2,100 3,300 4,500 KM Chebyshev UCL no trend increasing Yes Ordinary Least Squares
cis-1,2-DCE 70 150 260 303 KM Chebyshev UCL no trend no trend No Ordinary Least Squares
TCE 5 2,000 3,200 3,900 KM Chebyshev UCL no trend increasing No Ordinary Least Squares
1,2-DCB 600 1,700 1,800 2,060 Student's t UCL no trend no trend No Ordinary Least Squares
Chlorobenzene 100 1,500 1,700 2,050 Chebyshev UCL no trend no trend Yes Theil-Sen/Mann-Kendall
cis-1,2-DCE 70 330 360 487 Student's t UCL increasing -- No Ordinary Least Squares
TCE 5 2,400 2,800 3,340 Chebyshev UCL no trend no trend No Theil-Sen/Mann-Kendall
1,2-DCB 600 410 460 586 Student's t UCL no trend no trend No Ordinary Least Squares
Chlorobenzene 100 340 390 508 Student's t UCL no trend no trend No Ordinary Least Squares
cis-1,2-DCE 70 130 160 242 Student's t UCL increasing -- Yes Ordinary Least Squares
TCE 5 190 220 283 Student's t UCL no trend no trend Yes Ordinary Least Squares
1,2-DCB 600 2,200 2,500 2,260 Student's t UCL decreasing -- Yes Ordinary Least Squares
Chlorobenzene 100 2,200 2,500 2,200 Student's t UCL decreasing -- Yes Ordinary Least Squares
cis-1,2-DCE 70 480 570 702 Student's t UCL increasing -- No Ordinary Least Squares
TCE 5 1,200 1,500 862 Student's t UCL decreasing -- No Ordinary Least Squares
1,2-DCB 600 2,300 2,600 1,900 Student's t UCL decreasing -- No Theil-Sen/Mann-Kendall
Chlorobenzene 100 6,700 7,200 8,680 Student's t UCL no trend increasing Yes Ordinary Least Squares
cis-1,2-DCE 70 180 380 239 KM Chebyshev UCL decreasing -- Yes Ordinary Least Squares
TCE 5 decreasing -- Yes

MW-112B
OB - west of 

down gradient 
plume

MW-203A
BR - down 
gradient  

north plume

MW-113A BR - WAC

MW-113B OB - WAC

MW-115A
BR - down 
gradient 

south plume

MW-115B
OB - down 

gradient 
south plume

MW-201
OB - down 

gradient  
north plume

MW-202
OB - down 

gradient  
north plume

unable to calculate - negative values predicted

I I I I I I I I I I I I I 



Table A-3
Statistical Tool Results

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Well ID Location 
Type

Chemical of 
Concern

Target 
Level

Conc. 
Mean 95% UCL

95% UCL at 
last sampling 

event

UCL Calculation 
Method

Statistical 
Slope Trend

Qualitative 
Slope Trend

Change 
from 

2015?
Trend Calculation Method

MW-03B BR - cross 
gradient

1,2-DCB 600 2,000 2,200 1,950 Chebyshev UCL decreasing Yes Ordinary Least Squares
Chlorobenzene 100 1,900 2,100 2,930 Student's t UCL no trend decreasing Yes Theil-Sen/Mann-Kendall
cis-1,2-DCE 70 540 610 870 Student's t UCL increasing -- No Ordinary Least Squares
TCE 5 780 920 675 Student's t UCL decreasing -- No Ordinary Least Squares
1,2-DCB 600 560 630 494 Student's t UCL decreasing -- No Ordinary Least Squares
Chlorobenzene 100 410 440 481 Student's t UCL no trend decreasing Yes Ordinary Least Squares
cis-1,2-DCE 70 220 250 332 Student's t UCL no trend increasing Yes Ordinary Least Squares
TCE 5 310 370 326 Student's t UCL decreasing -- Yes Ordinary Least Squares
1,2-DCB 600 1,300 1,500 1,600 Student's t UCL no trend decreasing No Ordinary Least Squares
Chlorobenzene 100 1,200 1,700 1,310 Chebyshev UCL no trend no trend Yes Theil-Sen/Mann-Kendall
cis-1,2-DCE 70 560 670 1,060 Student's t UCL Increasing -- Yes Ordinary Least Squares
TCE 5 1,900 2,200 3,270 Student's t UCL no trend increasing Yes Ordinary Least Squares
1,2-DCB 600 240 290 399 Student's t UCL no trend no trend No Ordinary Least Squares
Chlorobenzene 100 120 140 196 Student's t UCL no trend increasing No Ordinary Least Squares
cis-1,2-DCE 70 170 200 280 Student's t UCL no trend decreasing Yes Ordinary Least Squares
TCE 5 120 140 187 Student's t UCL no trend decreasing Yes Ordinary Least Squares
1,2-DCB 600 770 840 963 Student's t UCL no trend decreasing No Ordinary Least Squares
Chlorobenzene 100 300 380 430 Chebyshev UCL no trend increasing No Ordinary Least Squares
cis-1,2-DCE 70 110 130 221 Student's t UCL no trend increasing No Ordinary Least Squares
TCE 5 940 1,000 1,070 Student's t UCL no trend decreasing No Ordinary Least Squares
1,2-DCB 600 47 110 90 KM Chebyshev UCL no trend decreasing No Ordinary Least Squares
Chlorobenzene 100 decreasing -- Yes
cis-1,2-DCE 70 27 47 53 KM Chebyshev UCL no trend decreasing No Ordinary Least Squares
TCE 5 74 150 138 KM Chebyshev UCL no trend decreasing Yes Ordinary Least Squares
1,2-DCB 600 1,800 2,000 1,920 Chebyshev UCL decreasing -- Yes Ordinary Least Squares
Chlorobenzene 100 2,500 2,700 2,550 Chebyshev UCL no trend decreasing No Ordinary Least Squares
cis-1,2-DCE 70 1,700 2,600 3,530 Chebyshev UCL increasing -- No Ordinary Least Squares
TCE 5 decreasing -- No

RMW-305A BR - cross 
gradient

RMW-405B OB - down 
gradient edge

MW-203B
OB - down 

gradient  
north plume

RMW-405A BR - down 
gradient edge

unable to calculate - negative values predicted

MW-302 OB - cross 
gradient

MW-304A
BR - down 

gradient north 
plume

MW-304B
OB - down 

gradient north 
plume

unable to calculate - negative values predicted

I I I I I I I I I I I I I 



Table A-3
Statistical Tool Results

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Well ID Location 
Type

Chemical of 
Concern

Target 
Level

Conc. 
Mean 95% UCL

95% UCL at 
last sampling 

event

UCL Calculation 
Method

Statistical 
Slope Trend

Qualitative 
Slope Trend

Change 
from 

2015?
Trend Calculation Method

MW-03B BR - cross 
gradient

1,2-DCB 600 decreasing -- Yes
Chlorobenzene 100 decreasing -- Yes
cis-1,2-DCE 70 decreasing -- Yes
TCE 5 decreasing -- Yes

Notes: 

Bold = result above target screening level (MCL). 
Only trend data including 2017 samples shown.

RW-1 BR/OB - 
WAC

unable to calculate - negative values predicted
unable to calculate - negative values predicted
unable to calculate - negative values predicted
unable to calculate - negative values predicted

 = increasing concentrations (statistically significant)
 = increasing concentrations (not statistically significant)
 = decreasing concentrations (not statistically significant)
 = decreasing concentrations (statistically significant)

All units in µg/L (micrograms per liter)

Abbreviations:
OB = overburden, BR = bedrock
1,2-DCB = dichlorobenzene, cis-1,2-DCE = dichloroethene, and TCE = trichloroethene
UCL = upper concentration limit

I I I I I I I I I I I I I 



Table A-4
Chlorinated Ethene Molar Ratios

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Location
Sample Date 11/02/10 10/15/12 04/23/13 10/22/13 03/27/14 10/07/14 04/09/15 10/07/15 04/19/12 11/08/12 11/05/13 11/04/14 12/01/15 11/16/17 11/07/13 11/06/14 11/14/17 11/09/12 11/06/13 11/06/14 12/01/15 07/26/18
Total Molar Mass
(umol/L)

5.03 1.14 2.52 8.72 3.52 4.49 2.15 7.22 129 54 139 148 161 184 1.87 2.13 1.81 54.5 156 21 12.2 40.3

Trichloroethene 93.6% 92.4% 95.3% 96.0% 95.0% 94.9% 95.2% 94.9% 100.0% 100.0% 98.2% 98.3% 99.4% 99.7% 4.07% 2.57% 3.08% 96.4% 97.6% 87.0% 43.6% 100.0%
cis-1,2-Dichloroethene 6.2% 7.63% 4.72% 3.9% 4.96% 5.06% 4.78% 5.14% 0.0% 0.0% 0.53% 0.54% 0.64% 0.31% 93.7% 96.7% 96.9% 3.6% 2.38% 11.8% 52.4% 0.0%
trans-1,2-
Dichloroethene

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.01% 0.0% 0.0% 0.77% 0.68% 0.0% 0.0% 0.0% 0.64% 2.45% 0.0%

1,1-Dichloroethene 0.25% 0.0% 0.0% 0.13% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.07% 0.0% 0.0% 0.53% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Vinyl chloride NA NA NA NA NA NA 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.94% 0.0% 0.0% 0.0% 0.0% 0.59% 1.57% 0.0%
Ethene NA NA NA NA NA NA NA NA NA 0.0% 0.46% 0.31% 0.0% NA NA NA NA NA NA NA NA NA
Ethane NA NA NA NA NA NA NA NA NA 0.0% 0.79% 0.81% 0.0% NA NA NA NA NA NA NA NA NA

MW/B-5MW-03B MW-06B MW/B-11



Table A-4
Chlorinated Ethene Molar Ratios

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 8

Location
Sample Date
Total Molar Mass
(umol/L)
Trichloroethene
cis-1,2-Dichloroethene
trans-1,2-
Dichloroethene
1,1-Dichloroethene
Vinyl chloride
Ethene
Ethane

11/07/12 11/06/13 11/05/14 12/02/15 11/14/17 11/07/13 11/06/14 12/03/15 11/05/14 05/13/15 11/05/13 11/04/14 12/01/15 11/14/17 11/08/12 11/06/13 11/05/14 12/01/15 10/04/16 07/26/18
20.2 12.3 20.1 5.06 3.93 2.27 2.19 1.78 1.81 2.62 3.25 1.03 2.28 0.0522 129 358 632 137 1900 457

63.8% 61.4% 75.6% 51.2% 65.9% 2.45% 5.57% 7.25% 23.5% 7.0% 37.5% 39.7% 43.4% 52.5% 100.0% 99.9% 100.0% 99.9% 100.0% 100.0%
36.2% 36.2% 24.1% 42.9% 34.1% 95.8% 94.1% 92.7% 73.9% 90.6% 57.2% 36.9% 54.4% 47.5% 0.0% 0.08% 0.04% 0.09% 0.0% 0.0%
0.0% 0.33% 0.25% 0.55% 0.0% 0.3% 0.31% 0.0% 2.62% 2.4% 1.08% 2.59% 1.31% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.47% 0.0% 0.55% 0.0% 0.55% 0.0% 0.0% 0.0% 0.0% 0.48% 0.0% 0.82% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
0.0% 1.57% 0.0% 4.75% 0.0% 0.92% 0.0% 0.0% 0.0% 0.0% 1.28% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
NA NA NA NA 0.0% NA NA NA NA NA 2.41% 7.22% 0.0% 0.0% NA NA NA NA NA NA
NA NA NA NA 0.0% NA NA NA NA NA 0.0% 13.5% 0.0% 0.0% NA NA NA NA NA NA

MW-104A MW-112AMW-110MW-107 MW-113A



Table A-4
Chlorinated Ethene Molar Ratios

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Location
Sample Date
Total Molar Mass
(umol/L)
Trichloroethene
cis-1,2-Dichloroethene
trans-1,2-
Dichloroethene
1,1-Dichloroethene
Vinyl chloride
Ethene
Ethane

11/07/12 05/22/13 11/06/13 04/30/14 11/05/14 05/13/15 12/01/15 11/16/17 04/19/12 08/14/12 11/05/12 11/05/13 04/29/14 11/03/14 05/12/15 11/30/15 11/13/17
2.9 4.39 3.63 5.65 1.77 3.49 3.45 2.44 26.8 13.6 18.4 17.9 10.6 21.4 18.2 20.4 18.4

76.2% 76.3% 67.3% 78.1% 60.5% 74.3% 64.0% 62.3% 88.1% 89.4% 92.7% 89.3% 85.9% 92.6% 91.8% 89.9% 90.5%
23.8% 23.5% 28.4% 21.9% 39.1% 25.7% 32.7% 37.7% 11.9% 10.6% 7.27% 8.66% 13.5% 7.02% 8.24% 10.1% 9.49%
0.0% 0.26% 0.34% 0.0% 0.41% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.07% 0.0% 0.07% 0.0% 0.0% 0.0%

0.0% 0.0% 0.57% 0.0% 0.0% 0.0% 0.54% 0.0% 0.0% 0.0% 0.0% 0.29% 0.18% 0.0% 0.0% 0.0% 0.0%
0.0% 0.0% 3.45% 0.0% 0.0% 0.0% 2.78% 0.0% 0.0% 0.0% 0.0% 0.42% 0.38% 0.0% 0.0% 0.0% 0.0%
NA NA NA NA NA NA NA NA NA NA 0.0% 0.77% NA 0.27% NA 0.0% 0.0%
NA NA NA NA NA NA NA NA NA NA 0.0% 0.46% NA 0.0% NA 0.0% 0.0%

MW-115AMW-113B



Table A-4
Chlorinated Ethene Molar Ratios

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Location
Sample Date
Total Molar Mass
(umol/L)
Trichloroethene
cis-1,2-Dichloroethene
trans-1,2-
Dichloroethene
1,1-Dichloroethene
Vinyl chloride
Ethene
Ethane

08/14/12 11/05/12 05/20/13 11/05/13 04/29/14 11/04/14 05/12/15 11/30/15 11/13/17 11/05/12 11/04/13 11/04/14 12/02/15 11/14/17 11/05/12 11/04/13 11/04/14 12/02/15 11/13/17
19.3 22 18.4 23.6 22.8 23.7 21.9 23.9 18.9 2.4 2.52 2.7 3.71 2.94 15.1 15.3 14.4 14.3 10.8

82.9% 86.4% 87.1% 84.1% 86.9% 83.6% 83.5% 82.7% 78.2% 57.1% 57.5% 53.7% 49.4% 43.9% 75.4% 70.0% 63.3% 58.4% 44.9%
17.1% 13.6% 12.9% 13.6% 13.1% 15.7% 16.5% 17.3% 21.8% 42.9% 40.9% 45.9% 50.2% 56.1% 24.6% 28.3% 35.0% 40.3% 55.1%
0.0% 0.0% 0.0% 0.11% 0.0% 0.12% 0.0% 0.0% 0.0% 0.0% 0.3% 0.42% 0.42% 0.0% 0.0% 0.29% 0.35% 0.48% 0.0%

0.0% 0.0% 0.0% 0.27% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.41% 0.0% 0.0% 0.0% 0.0% 0.38% 0.39% 0.0% 0.0%
0.0% 0.0% 0.0% 0.57% 0.0% 0.56% 0.0% 0.0% 0.0% 0.0% 0.89% 0.0% 0.0% 0.0% 0.0% 0.96% 0.91% 0.76% 0.0%
NA 0.0% NA 1.12% NA 0.0% NA 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% NA NA NA NA NA NA
NA 0.0% NA 0.28% NA 0.0% NA 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% NA NA NA NA NA NA

MW-202MW-201MW-115B



Table A-4
Chlorinated Ethene Molar Ratios

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Location
Sample Date
Total Molar Mass
(umol/L)
Trichloroethene
cis-1,2-Dichloroethene
trans-1,2-
Dichloroethene
1,1-Dichloroethene
Vinyl chloride
Ethene
Ethane

04/19/12 08/13/12 11/05/12 05/21/13 11/04/13 04/29/14 11/04/14 05/11/15 12/02/15 11/13/17 08/13/12 11/05/12 05/21/13 11/04/13 04/29/14 11/04/14 05/11/15 12/02/15 11/13/17 11/06/12 11/06/13 11/04/14
26.7 38.2 29.9 27 57.5 36 39.8 36.4 36.6 20.5 14.6 9.91 9.53 13.4 12.2 13.4 13.2 11.3 9.11 0.628 3.2 2.9

31.3% 81.7% 71.3% 50.7% 21.2% 5.27% 30.7% 27.1% 0.35% 6.3% 62.5% 61.5% 58.3% 51.0% 55.3% 43.0% 46.1% 39.6% 31.0% 83.6% 85.7% 81.5%
8.86% 5.69% 7.6% 13.4% 6.99% 1.46% 3.9% 2.58% 0.1% 0.0% 37.5% 38.5% 41.1% 38.4% 44.7% 48.4% 53.9% 58.3% 69.0% 16.4% 12.3% 15.3%
0.0% 0.0% 0.0% 0.42% 0.65% 0.0% 1.32% 0.0% 0.68% 0.0% 0.0% 0.0% 0.54% 0.33% 0.0% 0.45% 0.0% 0.76% 0.0% 0.0% 0.13% 0.0%

0.0% 0.0% 0.0% 0.0% 0.65% 0.0% 0.18% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.45% 0.0% 0.0% 0.0% 0.47% 0.0% 0.0% 0.39% 0.0%
59.8% 12.6% 18.8% 35.5% 36.2% 93.3% 31.4% 70.3% 87.5% 93.7% 0.0% 0.0% 0.0% 0.91% 0.0% 0.7% 0.0% 0.86% 0.0% 0.0% 1.55% 3.15%

NA NA 2.15% NA 33.4% NA 32.2% NA 11.4% 0.0% NA 0.0% NA 8.48% NA 7.42% NA 0.0% 0.0% NA NA NA
NA NA 0.16% NA 0.98% NA 0.33% NA 0.0% 0.0% NA 0.0% NA 0.45% NA 0.0% NA 0.0% 0.0% NA NA NA

MW-203A MW-203B MW-204A



Table A-4
Chlorinated Ethene Molar Ratios

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Location
Sample Date
Total Molar Mass
(umol/L)
Trichloroethene
cis-1,2-Dichloroethene
trans-1,2-
Dichloroethene
1,1-Dichloroethene
Vinyl chloride
Ethene
Ethane

11/07/12 05/22/13 11/05/13 04/28/14 11/04/14 05/13/15 12/03/15 11/15/17 04/19/12 08/13/12 11/06/12 05/21/13 11/05/13 04/28/14 11/05/14 05/12/15 12/01/15 11/15/17
3.96 4.3 4.86 5.72 5.64 5.03 4.42 2.95 7.84 27.1 18.7 20.7 20.9 23 25.9 21.8 28.2 23.2

59.6% 56.7% 50.2% 53.1% 48.6% 52.9% 43.9% 33.5% 77.7% 73.1% 68.9% 73.5% 65.4% 69.7% 70.6% 62.9% 67.3% 59.0%
40.4% 43.3% 48.7% 46.9% 51.2% 47.1% 56.1% 66.5% 22.3% 25.2% 26.5% 24.2% 25.1% 26.5% 23.5% 32.2% 29.2% 28.2%
0.0% 0.0% 0.15% 0.0% 0.18% 0.0% 0.0% 0.0% 0.0% 0.0% 0.34% 0.29% 0.69% 0.0% 0.48% 0.0% 0.4% 0.0%

0.0% 0.0% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.34% 0.0% 0.35% 0.0% 0.25% 0.0% 0.0% 0.0%
0.0% 0.0% 0.56% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.71% 3.93% 2.09% 8.41% 3.83% 5.13% 4.87% 3.06% 12.8%
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

MW-302 MW-304A



Table A-4
Chlorinated Ethene Molar Ratios

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Location
Sample Date
Total Molar Mass
(umol/L)
Trichloroethene
cis-1,2-Dichloroethene
trans-1,2-
Dichloroethene
1,1-Dichloroethene
Vinyl chloride
Ethene
Ethane

08/13/12 11/06/12 05/21/13 11/05/13 04/28/14 11/05/14 05/12/15 12/01/15 11/15/17 08/15/12 11/06/12 05/21/13 11/06/13 04/29/14 11/05/14 05/12/15 11/30/15 11/14/17 11/07/12 11/05/13 11/09/12 11/07/13 11/05/14 12/02/15
3.14 1.07 2.89 3.51 3.57 2.65 3.64 2.36 2.02 8.16 7.24 9.2 8.73 8.59 9.78 7.12 8.5 7.49 100 109 66.3 113 96.4 59.2

31.5% 39.2% 31.6% 30.5% 37.3% 37.3% 29.4% 32.2% 33.8% 88.6% 91.4% 91.0% 87.1% 83.2% 85.6% 83.4% 78.8% 86.4% 98.5% 98.4% 91.9% 94.8% 94.7% 91.2%
65.6% 60.8% 67.9% 64.7% 59.1% 62.2% 68.0% 65.6% 66.2% 11.4% 8.55% 8.97% 11.8% 16.8% 14.2% 15.9% 20.6% 13.6% 1.54% 1.23% 8.09% 4.85% 4.92% 8.53%
0.53% 0.0% 0.46% 0.47% 0.58% 0.51% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.25% 0.0% 0.22% 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.05% 0.0%

0.0% 0.0% 0.0% 0.62% 0.61% 0.0% 0.0% 0.7% 0.0% 0.0% 0.0% 0.0% 0.32% 0.0% 0.0% 0.0% 0.29% 0.0% 0.0% 0.39% 0.0% 0.33% 0.24% 0.3%
2.34% 0.0% 0.0% 3.79% 2.4% 0.0% 2.59% 1.49% 0.0% 0.0% 0.0% 0.0% 0.51% 0.0% 0.0% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.12% 0.0%

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

RMW-305AMW-304B MW-401 MW-402



Table A-4
Chlorinated Ethene Molar Ratios

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Location
Sample Date
Total Molar Mass
(umol/L)
Trichloroethene
cis-1,2-Dichloroethene
trans-1,2-
Dichloroethene
1,1-Dichloroethene
Vinyl chloride
Ethene
Ethane

MW-701S
08/14/12 11/05/13 11/03/14 08/14/12 11/05/12 05/20/13 11/05/13 04/29/14 11/03/14 05/13/15 11/30/15 11/15/17 11/03/10 10/16/12 11/08/12 11/07/13 10/07/14 12/02/15 11/09/12 11/06/13 11/06/14 12/02/15 05/02/18 11/08/12 11/06/13

1.87 1.68 1.1 32 25.1 25.3 26.8 29 29.1 25.5 26.8 23.7 32.1 54.7 1.89 61.2 78.6 87 175 147 196 177 3.27 13.7 48.5

77.4% 54.3% 57.2% 71.3% 66.6% 51.0% 39.9% 28.9% 17.8% 11.1% 6.24% 0.0% 96.9% 94.5% 96.7% 98.1% 96.8% 96.2% 100.0% 98.6% 99.0% 99.1% 46.5% 94.0% 95.7%
22.6% 30.0% 37.4% 28.7% 33.4% 49.0% 57.8% 71.1% 81.5% 88.9% 92.6% 100.0% 3.15% 5.14% 3.27% 1.55% 3.02% 3.79% 0.0% 0.98% 0.89% 0.93% 53.5% 6.01% 4.25%
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.07% 0.0% 0.09% 0.0% 0.11% 0.0% 0.0% 0.05% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.01% 0.0% 0.0% 0.0% 0.0%

0.0% 0.55% 0.0% 0.0% 0.0% 0.0% 0.36% 0.0% 0.31% 0.0% 0.54% 0.0% 0.0% 0.33% 0.0% 0.32% 0.14% 0.0% 0.0% 0.37% 0.13% 0.0% 0.0% 0.0% 0.0%
0.0% 0.38% 0.0% 0.0% 0.0% 0.0% 0.43% 0.0% 0.34% 0.0% 0.47% 0.0% NA NA 0.0% 0.0% NA 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
NA 7.43% 0.0% NA 0.0% NA 1.02% NA 0.0% NA 0.0% NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA 7.31% 5.41% NA 0.0% NA 0.37% NA 0.0% NA 0.0% NA NA NA NA NA NA NA NA NA NA NA NA NA NA

RW-1RMW-405B MW-503B SB-600RMW-405A
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Chlorinated Benzene Molar Fractions

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Location
Sample Date 04/19/12 11/08/12 11/05/13 11/04/14 12/01/15 11/16/17 11/06/13 04/29/14 11/05/14 05/13/15 11/30/15 11/07/13 11/06/14 11/14/17 11/09/12 11/06/13 11/06/14 12/01/15 10/04/16 07/26/18 11/07/12 11/06/13 11/05/14 12/02/15 11/14/17
Total Molar Mass
(umol/L)

508 312 451 466 496 518 1.25 2.24 1.15 1.74 1.21 4.37 5.52 4.75 647 1440 330 218 142 442 15.5 20.2 23.2 11 12.8

1,2,3-Trichlorobenzene 0.0% 0.0% 0.0% 0.07% 0.05% 0.0% 5.72% 3.93% 4.49% 4.44% 5.01% 0.0% 0.32% 0.0% 0.0% 0.0% 0.07% 0.09% NA 0.0% 0.0% 0.0% 0.09% 0.13% 0.0%
1,2,4-Trichlorobenzene 0.0% 0.0% 0.34% 0.51% 0.33% 0.34% 16.3% 17.2% 12.4% 21.2% 14.6% 2.02% 1.8% 1.74% 0.2% 0.65% 0.57% 0.73% 0.0% 0.29% 0.0% 0.0% 0.45% 0.55% 0.0%
1,2-Dichlorobenzene 40.8% 43.6% 46.8% 46.8% 49.4% 45.9% 24.5% 20.3% 10.1% 32.1% 16.3% 59.3% 61.5% 58.7% 48.4% 51.8% 53.6% 46.7% 52.5% 41.6% 87.7% 91.1% 88.0% 86.3% 90.5%
1,3-Dichlorobenzene 1.47% 1.79% 1.66% 1.75% 1.78% 1.84% 0.0% 1.55% 3.18% 1.26% 2.59% 0.81% 0.62% 0.0% 1.26% 1.98% 1.61% 1.96% 0.0% 1.69% 0.66% 0.0% 0.65% 0.86% 0.0%
1,4-Dichlorobenzene 9.71% 12.0% 9.66% 10.7% 10.8% 10.8% 5.98% 5.75% 8.25% 6.68% 7.87% 7.48% 6.77% 7.73% 8.83% 12.3% 11.8% 13.1% 15.7% 10.3% 8.77% 7.43% 8.8% 10.5% 9.52%
Chlorobenzene 48.1% 42.6% 41.5% 40.2% 37.7% 41.1% 47.5% 51.3% 61.6% 34.3% 53.7% 30.4% 29.0% 31.8% 41.3% 33.3% 32.4% 37.4% 31.8% 46.1% 2.86% 1.49% 1.99% 1.69% 0.0%

MW/B-5 MW-104AMW-06A MW-06B MW/B-11



Table A-5
Chlorinated Benzene Molar Fractions

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Location
Sample Date
Total Molar Mass
(umol/L)
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Chlorobenzene

11/07/13 11/06/14 12/03/15 08/15/12 04/29/14 11/05/14 05/13/15 11/30/15 11/05/13 12/01/15 11/08/12 11/06/13 11/05/14 12/01/15 10/04/16 07/26/18 08/15/12 11/07/12 05/22/13 11/06/13 04/30/14 11/05/14 05/13/15 12/01/15 11/16/17
6.13 5.84 5.35 1.08 1.03 1.19 2.04 1.2 1.23 1.19 407 992 1440 798 12600 2070 1.61 2.69 4.15 2.74 3.17 1.41 2.22 3.18 2.04

0.0% 0.33% 0.44% 10.7% 6.41% 6.49% 5.39% 7.35% 0.0% 0.0% 0.0% 0.0% 0.11% 0.0% NA 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.21% 0.0%
2.51% 1.89% 2.58% 40.9% 27.8% 26.9% 20.0% 28.0% 0.0% 0.0% 0.0% 0.28% 0.92% 0.07% 1.36% 1.06% 4.11% 5.31% 3.32% 4.01% 2.26% 1.37% 1.94% 1.9% 0.0%
63.3% 62.9% 57.2% 25.2% 27.7% 22.3% 26.0% 31.8% 55.5% 57.2% 46.7% 43.9% 45.3% 53.7% 59.4% 56.0% 54.9% 60.5% 57.3% 54.7% 51.5% 53.1% 52.3% 55.6% 50.0%
0.82% 0.74% 0.0% 0.0% 0.0% 0.57% 0.0% 0.0% 0.0% 1.55% 1.49% 1.71% 1.18% 1.95% 2.37% 2.04% 0.0% 2.45% 2.13% 2.48% 1.72% 1.93% 2.03% 1.95% 0.0%
8.67% 8.28% 9.8% 4.29% 4.42% 4.12% 5.0% 6.23% 8.32% 9.16% 10.2% 10.3% 9.43% 11.9% 12.9% 11.8% 10.4% 10.6% 11.5% 10.9% 10.7% 8.24% 10.4% 9.62% 10.7%
24.7% 25.9% 29.9% 18.9% 33.6% 39.6% 43.6% 26.7% 36.2% 32.1% 41.6% 43.9% 43.1% 32.3% 24.0% 29.1% 30.6% 21.1% 25.8% 27.9% 33.8% 35.4% 33.3% 30.7% 39.3%

MW-112AMW-110MW-107 MW-113BMW-113A



Table A-5
Chlorinated Benzene Molar Fractions

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 7

Location
Sample Date
Total Molar Mass
(umol/L)
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Chlorobenzene

04/19/12 08/14/12 11/05/12 11/05/13 04/29/14 11/03/14 05/12/15 11/30/15 11/13/17 08/14/12 11/05/12 05/20/13 11/05/13 04/29/14 11/04/14 05/12/15 11/30/15 11/13/17 11/05/12 11/04/13 11/04/14 12/02/15 11/14/17
29.2 22.4 36.1 26.9 19.4 36.8 34.4 37.3 35.3 22.4 29.8 27.8 29.9 29.1 28.2 27.1 31 25.7 7.9 6.36 6.03 8.27 7.51

0.0% 0.0% 0.0% 0.0% 0.17% 0.2% 0.0% 0.21% 0.0% 0.0% 0.0% 0.44% 0.52% 0.0% 0.47% 0.0% 0.55% 0.0% 1.81% 2.17% 2.01% 2.47% 1.84%
0.0% 0.0% 1.83% 1.11% 1.34% 1.28% 1.39% 1.36% 0.0% 2.95% 4.06% 3.18% 3.51% 3.79% 3.13% 3.25% 4.1% 3.32% 8.37% 9.52% 8.96% 10.7% 8.8%

39.7% 24.9% 30.2% 25.3% 29.2% 25.9% 25.7% 24.6% 27.0% 39.4% 41.0% 41.8% 40.8% 39.9% 38.7% 40.2% 41.6% 40.9% 39.6% 38.5% 39.5% 37.0% 39.0%
0.0% 0.0% 0.0% 0.0% 0.35% 0.32% 0.29% 0.31% 0.0% 0.0% 0.0% 0.54% 0.71% 0.42% 0.58% 0.35% 0.68% 0.0% 0.71% 0.92% 0.91% 0.99% 0.74%

5.58% 3.64% 5.18% 4.05% 4.92% 4.62% 4.44% 4.29% 5.02% 6.38% 7.32% 6.13% 7.05% 7.02% 6.74% 7.26% 7.23% 7.55% 5.68% 6.94% 7.33% 8.06% 6.98%
54.7% 71.4% 62.8% 69.5% 64.0% 67.7% 68.2% 69.2% 68.0% 51.3% 47.7% 47.9% 47.5% 48.9% 50.4% 49.0% 45.8% 48.3% 43.8% 42.0% 41.3% 40.8% 42.6%

MW-201MW-115BMW-115A



Table A-5
Chlorinated Benzene Molar Fractions

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 4 of 7

Location
Sample Date
Total Molar Mass
(umol/L)
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Chlorobenzene

11/05/12 11/04/13 11/04/14 12/02/15 11/13/17 04/19/12 08/13/12 11/05/12 05/21/13 11/04/13 04/29/14 11/04/14 05/11/15 12/02/15 11/13/17 08/13/12 11/05/12 05/21/13 11/04/13 04/29/14 11/04/14 05/11/15 12/02/15 11/13/17 11/06/13 11/04/14
48.1 46.6 40.7 43.5 33.3 91.5 86 83.2 72.1 63.3 76.3 78.3 84.5 67.4 82.4 39.3 35.9 36.5 35.2 39.2 37.8 41.8 33.4 29.6 1.07 1.05

1.83% 2.13% 2.03% 2.03% 1.62% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.07% 0.0% 0.04% 0.0% 1.82% 1.99% 1.96% 2.2% 2.25% 2.19% 1.71% 2.97% 1.71% 0.0% 0.0%
9.16% 9.81% 8.4% 8.62% 7.26% 0.0% 0.0% 0.93% 0.57% 0.45% 0.62% 0.58% 0.43% 0.29% 0.0% 9.26% 9.52% 11.5% 10.4% 10.8% 8.47% 8.31% 9.08% 7.06% 3.83% 3.48%
36.8% 35.0% 35.1% 35.9% 36.6% 22.3% 23.7% 26.2% 25.5% 19.3% 21.4% 20.8% 16.9% 15.1% 15.7% 34.6% 37.8% 39.2% 36.7% 34.7% 37.8% 32.6% 38.7% 36.8% 53.6% 52.0%
0.64% 0.76% 0.67% 0.0% 0.0% 0.37% 0.0% 0.4% 0.27% 0.0% 0.2% 0.32% 0.17% 0.23% 0.0% 0.0% 0.64% 0.54% 0.85% 0.64% 0.68% 0.55% 0.0% 0.0% 0.0% 1.95%
5.5% 6.57% 5.85% 6.58% 6.54% 3.57% 3.95% 4.09% 3.49% 3.0% 3.3% 3.38% 2.58% 2.52% 2.39% 6.74% 5.48% 5.4% 6.97% 6.08% 6.11% 5.87% 6.71% 6.42% 10.9% 11.1%

46.1% 45.7% 47.9% 46.9% 48.0% 73.8% 72.3% 68.4% 70.2% 77.3% 74.5% 74.8% 79.9% 81.8% 81.9% 47.6% 44.5% 41.4% 42.9% 45.5% 44.7% 51.0% 42.6% 48.0% 31.7% 31.5%

MW-202 MW-203B MW-204AMW-203A



Table A-5
Chlorinated Benzene Molar Fractions

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 5 of 7

Location
Sample Date
Total Molar Mass
(umol/L)
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Chlorobenzene

11/07/12 05/22/13 11/05/13 04/28/14 11/04/14 05/13/15 12/03/15 11/15/17 04/19/12 08/13/12 11/06/12 05/21/13 11/05/13 04/28/14 11/05/14 05/12/15 12/01/15 11/15/17
7.71 8.84 8.91 8.71 8.89 7.94 7.66 5.96 34.4 23.5 18.7 20.4 19.1 18.3 23.2 17.1 21.1 18.6

0.28% 0.0% 0.0% 0.0% 0.3% 0.0% 0.39% 0.0% 0.0% 0.0% 0.22% 0.2% 0.0% 0.0% 0.2% 0.0% 0.31% 0.0%
1.04% 1.06% 1.18% 1.26% 0.93% 1.32% 1.7% 0.93% 0.0% 2.34% 1.24% 1.22% 0.95% 1.81% 1.0% 1.84% 1.54% 0.0%
51.2% 51.6% 48.8% 44.5% 47.4% 43.7% 43.1% 42.3% 39.5% 40.4% 43.6% 46.7% 39.1% 40.8% 43.9% 37.8% 41.8% 41.9%
0.53% 0.51% 0.0% 0.54% 0.54% 0.51% 0.66% 0.0% 1.03% 0.0% 0.87% 0.75% 1.1% 0.78% 0.85% 1.2% 1.16% 0.0%
5.47% 6.7% 6.11% 6.71% 5.81% 6.34% 6.66% 6.06% 7.7% 8.37% 6.53% 6.67% 7.84% 8.18% 7.93% 9.14% 8.99% 8.04%
41.5% 40.2% 43.9% 46.9% 45.0% 48.1% 47.5% 50.7% 51.7% 48.9% 47.5% 44.5% 51.0% 48.4% 46.1% 50.0% 46.2% 50.0%

MW-304AMW-302



Table A-5
Chlorinated Benzene Molar Fractions

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 6 of 7

Location
Sample Date
Total Molar Mass
(umol/L)
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Chlorobenzene

08/13/12 11/06/12 05/21/13 11/05/13 04/28/14 11/05/14 05/12/15 12/01/15 11/15/17 08/15/12 11/06/12 05/21/13 11/06/13 04/29/14 11/05/14 05/12/15 11/30/15 11/14/17 11/07/12 11/05/13 11/09/12 11/07/13 11/05/14 12/02/15
3.04 1.25 3.37 3.97 4.12 3.17 4.29 2.87 2.49 8.27 7.67 11.6 11.1 8.67 9.95 9.37 10.4 7.93 66.5 84.6 4.15 5.17 3.44 1.93

1.03% 0.0% 0.0% 0.76% 0.75% 0.7% 0.77% 0.77% 0.0% 0.0% 0.37% 0.0% 0.0% 0.0% 0.45% 0.49% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
4.91% 4.05% 4.1% 4.16% 5.08% 4.01% 4.1% 4.42% 2.66% 3.87% 3.52% 3.57% 3.86% 3.37% 3.93% 4.52% 4.27% 0.0% 0.0% 0.0% 0.0% 0.0% 0.43% 0.0%
51.4% 50.5% 56.4% 54.9% 47.9% 53.7% 50.8% 49.8% 51.8% 53.4% 64.8% 58.8% 53.8% 51.8% 56.4% 49.4% 53.4% 56.6% 37.9% 35.4% 100.0% 100.0% 79.0% 77.8%
1.3% 0.0% 1.17% 1.41% 1.31% 1.27% 1.21% 1.28% 0.0% 0.0% 1.59% 1.41% 2.01% 1.41% 1.74% 2.25% 2.09% 0.0% 0.98% 0.0% 0.0% 0.0% 0.79% 0.0%

9.19% 9.26% 9.29% 9.78% 10.5% 9.45% 10.0% 9.72% 10.1% 11.5% 8.87% 10.0% 11.6% 11.8% 9.91% 13.0% 11.7% 12.0% 7.01% 6.83% 0.0% 0.0% 7.12% 8.82%
32.2% 36.2% 29.0% 29.0% 34.5% 30.9% 33.1% 34.0% 35.4% 31.2% 20.9% 26.1% 28.7% 31.7% 27.6% 30.3% 28.0% 31.4% 54.1% 57.8% 0.0% 0.0% 12.6% 13.4%

RMW-305AMW-304B MW-401 MW-402



Table A-5
Chlorinated Benzene Molar Fractions

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 7 of 7

Location
Sample Date
Total Molar Mass
(umol/L)
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Chlorobenzene

MW-701S
08/14/12 11/05/13 11/03/14 11/30/15 08/14/12 11/05/12 05/20/13 11/05/13 04/29/14 11/03/14 05/13/15 11/30/15 11/15/17 11/08/12 11/07/13 10/07/14 12/02/15 11/06/13 11/06/14 12/02/15 05/02/18 11/08/12 11/06/13 11/05/14

3.1 1.99 1.41 1.03 41.7 36.2 39.7 36.6 38.4 39.2 34.2 37.9 34 1.54 1.77 1.38 1.79 8.16 14.2 10.2 6.95 55.3 127 1.18

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.31% 0.0% 0.48% 0.0% 0.0% 0.0% NA 0.0% 0.0% 0.1% 0.0% 1.51% 0.0% 0.0% 0.51%
1.15% 0.0% 0.51% 0.0% 1.72% 1.98% 1.8% 2.11% 2.3% 2.11% 2.25% 2.77% 1.94% 1.93% 0.0% 0.0% 0.0% 0.0% 0.66% 1.25% 7.05% 0.75% 0.78% 2.71%
30.7% 25.0% 25.6% 27.7% 32.6% 33.7% 34.3% 33.3% 31.7% 34.7% 31.8% 34.1% 32.1% 79.0% 100.0% 83.9% 80.1% 100.0% 85.8% 80.3% 37.3% 56.6% 53.2% 69.1%
0.0% 0.0% 0.38% 0.0% 0.0% 0.0% 5.49% 0.54% 0.35% 0.43% 0.4% 0.56% 0.0% 5.72% 0.0% 0.0% 0.0% 0.0% 1.01% 0.0% 0.0% 2.21% 2.15% 6.91%

5.26% 3.76% 4.29% 5.14% 5.88% 5.44% 4.79% 5.95% 5.49% 5.89% 5.96% 5.91% 6.0% 11.0% 0.0% 0.0% 6.49% 0.0% 7.67% 11.0% 6.85% 14.8% 12.3% 16.7%
62.9% 71.3% 69.2% 67.1% 59.8% 58.9% 53.7% 58.1% 60.1% 56.6% 59.6% 56.2% 60.0% 2.36% 0.0% 16.1% 13.4% 0.0% 4.72% 7.48% 47.3% 25.7% 31.6% 4.14%

RW-1RMW-405B MW-503B SB-600RMW-405A



Table A-6
Natural Attenuation Evaluation  Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

TCE 
Statistically 
Significant 
Decrease

1,2-DCE 
Statistically 
Significant 
Increase

TCE 
Qualitative 
Decrease

1,2-DCE 
Qualitative  
Increase

Molar Change Favorable 
Redox Notes

1,2-DCB 
Statistically 
Significant 
Decrease

CB 
Statistically 
Significant 
Increase

1,2-DCB 
Qualitative 
Decrease

CB 
Qualitative 
Increase

Favorable 
Redox Molar Change Notes

MW-03B BR: cross gradient Oxic Y -- 0 - - TCE ↑ (qual) +
MW-04B OB: upgradient Sulfate* Y - - not detected
MW-04C BR: upgradient Sulfate* Y - - not detected
MW/B-5 BR/OB: WAC Sulfate* Y 0 - TCE ↑ - + 1,2-DCB↑ (qual)

MW-06A OB: downgradient edge Sulfate* Y - 1,2-DCE ↓ (qual) - X 1,2-DCB↑ (qual)

MW-06B OB: downgradient edge Sulfate* Y 0 - 3 samples - 0 1,2-DCB↑ (qual)

MW-09B BR: cross gradient Sulfate* Y -- - TCE ↑ (qual) - 1,2-DCB↑

MW-10A OB: E of landfill NM Y Y CB not detected
MW-10B BR: E of landfill NM Y CB not detected
MW/B-11 BR: Nyacol Sulfate* Y Y X - Y - X CB ↓ (qual)

MW-104A BR: NE of landfill Meth Y 0 + + 1,2-DCE ↓ - - 0 CB ↓ (qual)

MW-104B OB: NE of landfill Sulfate Y - -
MW-107 BR: downgradient edge Sulfate* Y 0 - 1,2-DCE ↓ (qual) - 0
MW-110 BR: downgradient edge Oxic Y + + - - TCE ↑ (qual) Y + X 1,2-DCB↑

MW-112A BR: downgradient Sulfate Y - - - 1,2-DCE ↓ (qual) Y - 0 CB ↓ (qual)

MW-112B OB: downgradient Sulfate - -
MW-113A BR: WAC NM 0 TCE ↑ (qual) Y - - 1,2-DCB↑ (qual)

MW-113B OB: WAC Sulfate* Y Y + + - Y Y - 0
MW-115A BR: downgradient Sulfate 0 - TCE ↑ (qual) Y -- - 0 1,2-DCB↑ (qual)

MW-115B OB: downgradient Sulfate Y -- 0 - TCE ↑ (qual) - 0 1,2-DCB↑ (qual)

MW-201 OB: downgradient Sulfate Y + + - - 0
MW-202 OB: downgradient Sulfate* Y Y -- -- + + - Y - 0 CB ↓ (qual)

MW-203A BR: downgradient Sulfate Y -- + + - 1,2-DCE ↓ Y -- Y - +
MW-203B OB: downgradient Sulfate Y Y -- -- + + - Y -- - + CB ↓ (qual)

MW-204A BR: cross gradient Oxic Y Y 0 - - + 0 CB ↓ (qual)

MW-302 OB: downgradient Sulfate* Y -- Y + + - Y -- Y - + CB ↓ (qual)

MW-304A BR: downgradient Sulfate* Y -- + + - TCE ↑ (qual) Y - 0
MW-304B OB: downgradient Sulfate* Y 0 - 1,2-DCE ↓ (qual) Y - 0 1,2-DCB↑ (qual)

RMW-305A BR: cross gradient Sulfate* Y Y 0 - Y Y - 0
MW-402 BR: NE of landfill Sulfate* Y 0 - 1,2-DCE ↓ (qual) Y - + +

RMW-405A BR: downgradient Sulfate Y 0 - 1,2-DCE ↓ (qual) Y - 0 CB ↓ 

RMW-405B OB: downgradient Sulfate* Y Y -- -- + + + - Y - 0 CB ↓ (qual)

MW-503B BR: NE of landfill Oxic 0 - - TCE ↑ (qual) + X
MW-505B BR: cross gradient Oxic Y - - 1,2-DCE ↓ + not detected

RW-1 OB: WAC Oxic Y -- 0 - - 1,2-DCE ↓ Y + X CB ↓ 

Notes:  
-- = not applicable Fall 2015 redox condition (based on EPA, 2006): Favorable redox: Molar change (relative percentage of daughter products):
Y = condition observed Oxic =  DO > 1 mg/L Chlorinated ethenes:  0 = less than 5% change
NM = not measured 2015-2018 Nitrate = nitrate as N > 0.5 mg/L + + = methanogenic + = 5-10% increase in daughter products

Sulfate = DO <1, sulfate > 20 mg/L and methane < 1 mg/L - = sulfate + + = 10-50 % increase in daughter products
Meth (methanogenic) =  methane > 1 mg/L - - = oxic + + + = greater than 50% increase in daughter products
Sulfate* = assumed to be sulfate; methane not measured - = 5-10% decrease in daughter products

Chlorinated benzenes: - - = greater than 10% decrease in daughter products
Bold indicates potential natural attenuation for chloroethenes + = oxic blank = total molar mass below 1 umol/L
Italics indicate potential natural attenuation for chlorobenzenes - = sulfate X = erratic, large swings in relative molar mass
Gray shading indicates 2015 data. All other results from 2017-2018. - - = methanogenic

Chlorinated Ethene Natural Attenuation Indicators Chlorinated Benzene Natural Attenuation Indicators

Redox 
ConditionLocation Location Type

Nobis Group
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FIGURE A-1
OVERBURDEN GROUNDWATER MONITORING

TOOL RESULTS - TRICHLOROETHENE
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FIGURE A-3
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FIGURE A-4
BEDROCK GROUNDWATER MONITORING
TOOL RESULTS - 1,2-DICHLOROBENZENE
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FIGURE A-5
OVERBURDEN GROUNDWATER MONITORING
TOOL RESULTS - cis-1,2-DICHLOROETHENE
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FIGURE A-6
BEDROCK GROUNDWATER MONITORING

TOOL RESULTS - Cis 1,2-DICHLOROETHENE
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Figure A-9

TCE Plume Trends Over Time

TCE in bedrock, 2003 TCE in overburden, 2003

TCE in bedrock, 2012 TCE in overburden, 2012

TCE in bedrock, 2013 TCE in overburden, 2013

TCE in bedrock, 2014 TCE in overburden, 2014

TCE in bedrock, 2015 TCE in overburden, 2015

TCE in bedrock, 2017 TCE in overburden, 2017
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Figure A-10

1,4-DCB Plume Trends Over Time

1,4-DCB in bedrock, 2013 1,4-DCB in overburden, 2013

1,4-DCB in bedrock, 2014 1,4-DCB in overburden, 2014

1,4-DCB in bedrock, 2015 1,4-DCB in overburden, 2015

1,4-DCB in bedrock, 2017 1,4-DCB in overburden, 2017
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1.  This site plan was created from a site plan titled "Base
Mapping and Well Survey" by A-Plus Construction, Dated
September 25, 2012.

2.  Horizontal Datum is in reference to the North American
Datum of 1983 (NAD83); Vertical Datum is in reference to
the North American Vertical Datum of 1988 (NAVD88).
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approximate and given for illustrative purposes only.
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1.  This site plan was created from a site plan titled "Base
Mapping and Well Survey" by A-Plus Construction, Dated
September 25, 2012.

2.  Horizontal Datum is in reference to the North American
Datum of 1983 (NAD83); Vertical Datum is in reference to
the North American Vertical Datum of 1988 (NAVD88).

3. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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1.  This site plan was created from a site plan titled "Base
Mapping and Well Survey" by A-Plus Construction, Dated
September 25, 2012.

2.  Horizontal Datum is in reference to the North American
Datum of 1983 (NAD83); Vertical Datum is in reference to
the North American Vertical Datum of 1988 (NAVD88).

3. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
No apparent degradation

Insufficient evidence of degradation

Potential degradation

Strong evidence of degradation

ND or below 5 µg/L

Center Plume Area

CHECKED BY: JV
DATE: JANUARY 2019

FIGURE A-14
CHLORINATED BENZENE DEGRADATION

POTENTIAL IN BEDROCK
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS

1 inch = 400 feet

R
:\8

00
00

 T
as

k 
O

rd
er

s\
80

11
3 

N
ya

nz
a 

F
S

 O
U

2\
Te

ch
ni

ca
l D

at
a\

G
IS

\F
ig

ur
es

\F
S

 T
ec

h 
M

em
o\

Fi
gu

re
 A

-1
1 

14
 N

ya
nz

a 
C

E
 C

B
 D

eg
ra

da
tio

n.
m

xd
   

  1
/1

4/
20

19
 0

9:
06

   
  j

ha
rr

in
gt

on

PREPARED BY: JH
PROJECT NO. 80113

0 400 800200

Feet

~=~ nobis 

• 
0 

0 

0 

0 

N 



Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 39961 6 6

Person performing analysis J. Lambert 40114 6.71 6.71

40283 5.56 ND 2.706

Chemical of Concern 1,2-DCB 40484 8.82 8.82

Well Name/Number MW-3B 40653 5.43 ND 0.923

Date Units Date 40856 5.75 ND 4.188

Concentration Units ug/L 41024 5.21 ND 0.064

41197 5.15 ND 3.223

Confidence Level 95% 41387 5.43 ND 1.189

Number of results 15 41569 14 14

Number of detected results 8 41725 6.2 6.2

Number of non-detected results 7 41919 7.7 7.7

Detection frequency 53% 42123 2 2

Number at or below cleanup level 15 42284 15 15

Are any potential outliers present? No 43052 5 ND 4.108

Mean of concentration 5.4
Standard deviation of concentration 4.3

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

Message: None.

Date 
(Date)

1,2-DCB 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 

value*

56220.26563Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

Yes

13.8
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 39961 5.5 5.5

Person performing analysis J. Lambert 40114 13.8 13.8

40283 1 ND 0.293

Chemical of Concern cis-1,2-DCE 40484 30.2 30.2

Well Name/Number MW-3B 40653 1.8 1.8

Date Units Date 40856 4.4 4.4

Concentration Units ug/L 41024 4.3 4.3

41197 8.4 8.4

Confidence Level 95% 41387 11.5 11.5

Number of results 15 41569 33 33

Number of detected results 13 41725 17 17

Number of non-detected results 2 41919 22 22

Detection frequency 87% 42123 10 10

Number at or below cleanup level 15 42284 36 36

Are any potential outliers present? No 43052 10 ND 5.564

Mean of concentration 14
Standard deviation of concentration 11

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

Message: None.

Date 
(Date)

cis-1,2-DCE 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 

value*

48331.34375Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

Yes

37
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-3B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 15
Number < cleanup level 1
Are any potential outliers present? No
Mean of concentration 350
Standard deviation of concentration 320
t-value for UCL calculation 1.761

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

1000

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

500
Student's t UCL

5
          MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-4B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 38
Standard deviation of concentration 24
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

76.7

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

61
Student's t UCL

5
         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41219 5 ND 2.093

Person performing analysis J. Lambert 41582 6.3 6.3

41948 5.7 5.7

Chemical of Concern cis-1,2-DCE 42339 4.4 4.4

Well Name/Number MW-04C 43054 1.2 1.2

Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number of detected results 4

Number of non-detected results 1

Detection frequency 80%

Number at or below cleanup level 5
Are any potential outliers present? No
Mean of concentration 4.1
Standard deviation of concentration 2

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

Message: None.

Date 
(Date)

cis-1,2-DCE 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 

value*

49565.08594Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

Yes

9.42
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-4C
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 46
Standard deviation of concentration 32
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

139

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

77
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         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern Chlorobenzen
e

Well Name/Number MW/B-5
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 6
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 22000
Standard deviation of concentration 4300
t-value for UCL calculation 2.015

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

33700

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

26000
Student's t UCL

100
          MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW/B-5
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 6
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 31000
Standard deviation of concentration 5700

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

48300

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

0

         MCL

41000
Chebyshev UCL
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW/B-5
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 6
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 18000
Standard deviation of concentration 5700
t-value for UCL calculation 2.015

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

34600

No

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

MCL is already exceeded

23000
Student's t UCL

5
         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-06A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 8
Are any potential outliers present? No
Mean of concentration 61
Standard deviation of concentration 35
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

123

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

83
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100
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-06A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 9
Are any potential outliers present? No
Mean of concentration 33
Standard deviation of concentration 26
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

88.7

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

49
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41220 50 50

Person performing analysis J. Lambert 41584 34 34

41948 52 52

Chemical of Concern CB 42340 21 21

Well Name/Number MW-104A 43053 50 ND 38.821

Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number of detected results 4

Number of non-detected results 1

Detection frequency 80%

Number at or below cleanup level 5
Are any potential outliers present? No
Mean of concentration 37
Standard deviation of concentration 13

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

Message: None.

Date 
(Date)

CB 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 

value*

59280.6875Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

Yes
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-06A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 7
Are any potential outliers present? No
Mean of concentration 48
Standard deviation of concentration 22
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

82.5

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

62
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70
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-06A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 1
Are any potential outliers present? No
Mean of concentration 15
Standard deviation of concentration 7.1
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

24.7

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

19
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         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-104A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 2200
Standard deviation of concentration 670
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

3640

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-104A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 390
Standard deviation of concentration 230
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

330

Yes

Theil-Sen/Mann-Kendall

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Student's t UCL

70
MCL

Message: None.

0

100

200

300

400

500

600

700

800

900

11/7/2012 7/11/2014 3/13/2016 11/14/2017

C
o

n
ce

n
tr

at
io

n
 (

u
g/

L)
Date

Trend and UCL Lines
Detected Data Theil-Sen

Cleanup Level Upper Confidence Band

I I 

' 

• 
I l J 

---------

I I J. 
I 

I 

. 

. 
I 

I 

I l J 



Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-104A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 1100
Standard deviation of concentration 760
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

2050

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-104B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 5
Are any potential outliers present? No
Mean of concentration 7.3
Standard deviation of concentration 3.9
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

11.7

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-104B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 4
Are any potential outliers present? No
Mean of concentration 47
Standard deviation of concentration 27
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

112

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

73
Student's t UCL

70
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-104B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 16
Standard deviation of concentration 9.2
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

44.9

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

25
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         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-110
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 8
Are any potential outliers present? No
Mean of concentration 36
Standard deviation of concentration 28

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

111

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

0

MCL
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100 Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41136 40 40

Person performing analysis J. Lambert 41220 29 29

41416 5 ND 1.202

Chemical of Concern 1,2-DCB 41584 33 33

Well Name/Number MW-110 41758 42 42

Date Units Date 41948 39 39

Concentration Units ug/L 42137 78 78

42338 56 56

Confidence Level 95% 43054 49 49

Number of results 9
Number of detected results 8

Number of non-detected results 1

Detection frequency 89%

Number at or below cleanup level 9
Are any potential outliers present? No
Mean of concentration 41
Standard deviation of concentration 19

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

Message: None.

Date 
(Date)

1,2-DCB 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 

value*

47533.64453Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

Yes
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-112A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 4
Number < cleanup level 4
Are any potential outliers present? No
Mean of concentration 72
Standard deviation of concentration 44

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

133

Theil-Sen/Mann-Kendall

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

60884.72656

MCL
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-110
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 5
Are any potential outliers present? No
Mean of concentration 72
Standard deviation of concentration 70

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

253

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

0

MCL
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-110
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 1
Are any potential outliers present? Yes
Mean of concentration 18
Standard deviation of concentration 16

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

76.7

Theil-Sen/Mann-Kendall

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

56976.42188

         MCL
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-112A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 4
Number < cleanup level 4
Are any potential outliers present? No
Mean of concentration 33
Standard deviation of concentration 21
t-value for UCL calculation 2.353

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

57.6

Yes

Theil-Sen/Mann-Kendall

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

58
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70
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-112A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 4
Number < cleanup level 2
Are any potential outliers present? No
Mean of concentration 85
Standard deviation of concentration 80
t-value for UCL calculation 2.353

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

262

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-112A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 4
Number < cleanup level 1
Are any potential outliers present? No
Mean of concentration 87
Standard deviation of concentration 71
t-value for UCL calculation 2.353

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

235

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

170
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5
         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-112B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 4
Number < cleanup level 4
Are any potential outliers present? No
Mean of concentration 20
Standard deviation of concentration 8
t-value for UCL calculation 2.353

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

34.9

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-112B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 4
Number < cleanup level 4
Are any potential outliers present? No
Mean of concentration 6.1
Standard deviation of concentration 2.8
t-value for UCL calculation 2.353

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

12

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

9.4
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MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-113B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 6
Are any potential outliers present? No
Mean of concentration 87
Standard deviation of concentration 26
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

152

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-113B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 9
Are any potential outliers present? No
Mean of concentration 210
Standard deviation of concentration 76
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

322

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

260
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41018 1800 1800

Person performing analysis J. Lambert 41135 1800 1800

41218 2550 2550

Chemical of Concern CB 41414 5 ND 4.543

Well Name/Number MW-115A 41583 2100 2100

Date Units Date 41758 1400 1400

Concentration Units ug/L 41946 2800 2800

42136 2650 2650

Confidence Level 95% 42338 2900 2900

Number of results 10 43052 2700 2700

Number of detected results 9

Number of non-detected results 1

Detection frequency 90%

Number at or below cleanup level 1
Are any potential outliers present? No
Mean of concentration 2100
Standard deviation of concentration 840

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

Message: None.

Date 
(Date)

CB 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 

value*

60546.09375Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

Yes
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-113B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 3
Are any potential outliers present? No
Mean of concentration 88
Standard deviation of concentration 23
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

150

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

100
Student's t UCL

70
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-113B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 330
Standard deviation of concentration 130
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

476

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

410
Student's t UCL

5
         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41018 1700 1700

Person performing analysis J. Lambert 41135 820 820

41218 1600 1600

Chemical of Concern 1,2-DCB 41414 5 ND 4.196

Well Name/Number MW-115A 41583 1000 1000

Date Units Date 41758 580 580

Concentration Units ug/L 41946 1400 1400

42136 1300 1300

Confidence Level 95% 42338 1350 1350

Number of results 10 43052 1400 1400

Number of detected results 9

Number of non-detected results 1

Detection frequency 90%

Number at or below cleanup level 2
Are any potential outliers present? No
Mean of concentration 1100
Standard deviation of concentration 490

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

Message: None.

Date 
(Date)

1,2-DCB 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 

value*

49047.76563Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

Yes

2330

MCL
600
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KM Chebyshev UCL

Ordinary Least Squares
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41018 310 310

Person performing analysis J. Lambert 41135 140 140

41218 130 130

Chemical of Concern cis-1,2-DCE 41414 5 ND 4.543

Well Name/Number MW-115A 41583 150 150

Date Units Date 41758 140 140

Concentration Units ug/L 41946 145 145

42136 145 145

Confidence Level 95% 42338 200 200

Number of results 10 43052 170 170

Number of detected results 9

Number of non-detected results 1

Detection frequency 90%

Number at or below cleanup level 1
Are any potential outliers present? Yes
Mean of concentration 150
Standard deviation of concentration 71

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

Message: None.

Date 
(Date)

cis-1,2-DCE 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 

value*

60546.09375Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

Yes

303

MCL
70
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Ordinary Least Squares

0

50

100

150

200

250

300

350

4/19/2012 2/26/2014 1/5/2016 11/13/2017

C
o

n
ce

n
tr

at
io

n
 (

u
g/

L)

Date

Trend and UCL Lines
Detected Data Nondetected Data

Ordinary Least Squares Upper Confidence Band

Cleanup Level

♦ ◊ 

◄~ 

-- ------ ------~ -- --.... ............ -- --.... __ ------- - -- --
♦ 

◄► 

•• .... 
♦ • • 

/'\. 



Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/14/2018 41018 3100 3100

Person performing analysis J. Lambert 41135 1600 1600

41218 2250 2250

Chemical of Concern TCE 41414 5 ND 2.198

Well Name/Number MW-115A 41583 2100 2100

Date Units Date 41758 1200 1200

Concentration Units ug/L 41946 2600 2600

42136 2200 2200

Confidence Level 95% 42338 2400 2400

Number of results 10 43052 2200 2200

Number of detected results 9

Number of non-detected results 1

Detection frequency 90%

Number at or below cleanup level 1
Are any potential outliers present? No
Mean of concentration 2000
Standard deviation of concentration 820

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

3900

         MCL
5

3200
KM Chebyshev UCL

Ordinary Least Squares Message: None.

Date 
(Date)

TCE 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 
value*

61103.46094Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed the 
MCL?

Not applicable - slope is not 
statistically increasing
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-115B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 1500
Standard deviation of concentration 110

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

2050

Theil-Sen/Mann-Kendall

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

32706.5332

MCL

1700
Chebyshev UCL

100 Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-115B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 1700
Standard deviation of concentration 180
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

2060

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

1800
Student's t UCL

600
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-201
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 340
Standard deviation of concentration 49
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

508

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

390
Student's t UCL
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MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-115B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 330
Standard deviation of concentration 56
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

487

No

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

MCL is already exceeded

360
Student's t UCL

70
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-115B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 2400
Standard deviation of concentration 260

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

3340

Theil-Sen/Mann-Kendall

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

33260.08594

         MCL
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5 Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-201
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 5
Are any potential outliers present? No
Mean of concentration 410
Standard deviation of concentration 51
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

586

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

460
Student's t UCL

600
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-201
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 130
Standard deviation of concentration 36
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

242

No

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

MCL is already exceeded

160
Student's t UCL

70
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-201
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 190
Standard deviation of concentration 27
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

283

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

220
Student's t UCL

5
         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-202
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 2200
Standard deviation of concentration 270
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

2200

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

2500
Student's t UCL
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MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-202
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 2200
Standard deviation of concentration 300
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

2260

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

2500
Student's t UCL

600
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-202
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 480
Standard deviation of concentration 93
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

702

No

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

MCL is already exceeded

570
Student's t UCL

70
MCL

Message: None.

0

100

200

300

400

500

600

700

800

11/5/2012 7/9/2014 3/11/2016 11/12/2017

C
o

n
ce

n
tr

at
io

n
 (

u
g/

L)
Date

Trend Line
Detected Data Ordinary Least Squares

Cleanup Level Upper Confidence Band

♦ -



Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-202
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 5
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 1200
Standard deviation of concentration 330
t-value for UCL calculation 2.132

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

862

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

1500
Student's t UCL

5
         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-203A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 6700
Standard deviation of concentration 810
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

8680

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

7200
Student's t UCL

100
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-203A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 2300
Standard deviation of concentration 530
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

1900

Yes

Theil-Sen/Mann-Kendall

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

2600
Student's t UCL

600
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-203B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 2000
Standard deviation of concentration 150

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

1950

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

0

MCL

2200
Chebyshev UCL

600 Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41018 230 230

Person performing analysis J. Lambert 41134 210 210

41415 220 220

Chemical of Concern cis-1,2-DCE 41582 350 350

Well Name/Number MW-203A 41758 390 390

Date Units Date 41947 51 51

Concentration Units ug/L 42135 150 150

42340 3.5 3.5

Confidence Level 95% 43052 50 ND 29.638

Number of results 9
Number of detected results 8

Number of non-detected results 1

Detection frequency 89%

Number at or below cleanup level 3
Are any potential outliers present? No
Mean of concentration 180
Standard deviation of concentration 130

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

239

MCL
70

380
KM Chebyshev UCL

Ordinary Least Squares Message: None.

Date 
(Date)

cis-1,2-DCE 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 
value*

35627.40234Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed the 
MCL?

Not applicable - slope is not 
statistically increasing
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-203B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 1900
Standard deviation of concentration 260
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

2920

Yes

Theil-Sen/Mann-Kendall

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

2100
Student's t UCL

100
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-203B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 540
Standard deviation of concentration 110
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

870

No

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

MCL is already exceeded

610
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-203B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 780
Standard deviation of concentration 230
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

675

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

920
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         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-302
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 8
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 410
Standard deviation of concentration 43
t-value for UCL calculation 1.895

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

481

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-302
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 8
Number < cleanup level 5
Are any potential outliers present? No
Mean of concentration 560
Standard deviation of concentration 98
t-value for UCL calculation 1.895

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

494

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-304A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? Yes
Mean of concentration 1200
Standard deviation of concentration 320

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

1310

Theil-Sen/Mann-Kendall

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

38467.69531

MCL

1700
Chebyshev UCL

100 Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-302
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 8
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 220
Standard deviation of concentration 42
t-value for UCL calculation 1.895

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

332

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-302
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 8
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 310
Standard deviation of concentration 83
t-value for UCL calculation 1.895

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

326

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

370
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5
         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-304A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 1300
Standard deviation of concentration 330
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

1600

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-304A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 560
Standard deviation of concentration 180
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

1060

No

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

MCL is already exceeded

670
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70
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-304A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 1900
Standard deviation of concentration 500
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

3270

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

2200
Student's t UCL

5
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number MW-304B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 2
Are any potential outliers present? No
Mean of concentration 120
Standard deviation of concentration 33
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

196

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number MW-304B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 9
Are any potential outliers present? No
Mean of concentration 240
Standard deviation of concentration 73
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

399

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

290
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number MW-304B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 1
Are any potential outliers present? No
Mean of concentration 170
Standard deviation of concentration 54
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

280

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-304B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 120
Standard deviation of concentration 35
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

187

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

140
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5
         MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number RMW-305A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 300
Standard deviation of concentration 52

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

430

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

0

MCL
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100 Message: None.

0

50

100

150

200

250

300

350

400

450

500

8/15/2012 5/16/2014 2/14/2016 11/14/2017

C
o

n
ce

n
tr

at
io

n
 (

u
g/

L)
Date

Trend Line
Detected Data Ordinary Least Squares

Cleanup Level Upper Confidence Band

-
7 I 
-

♦ -- - - -

--- ---.- -~ ----------------.,. 
..... ... • ♦ 

◄~ 

♦ 

~ 

, f 



Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number RMW-305A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 770
Standard deviation of concentration 120
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

963

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number RMW-305A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 1
Are any potential outliers present? No
Mean of concentration 110
Standard deviation of concentration 39
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

221

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing

130
Student's t UCL

70
MCL

Message: None.
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets that are normally distributed

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern TCE
Well Name/Number MW-305A
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 940
Standard deviation of concentration 110
t-value for UCL calculation 1.860

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant?

1070

Yes

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41135 140 140

Person performing analysis J. Lambert 41218 24 24

41414 5 ND 0.753

Chemical of Concern 1,2-DCB 41583 73 73

Well Name/Number RMW-405A 41758 36 36

Date Units Date 41946 53 53

Concentration Units ug/L 42137 39 39

42338 42 42

Confidence Level 95% 43054 12 12

Number of results 9
Number of detected results 8

Number of non-detected results 1

Detection frequency 89%

Number at or below cleanup level 9
Are any potential outliers present? No
Mean of concentration 47
Standard deviation of concentration 38

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

91.3

MCL
600

110
KM Chebyshev UCL

Ordinary Least Squares Message: None.

Date 
(Date)

1,2-DCB 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 
value*

57760.94141Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed the 
MCL?

Not applicable - slope is not 
statistically increasing
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41135 41 41

Person performing analysis J. Lambert 41218 19 19

41414 5 ND 1.292

Chemical of Concern cis-1,2-DCE 41583 49 49

Well Name/Number RMW-405A 41758 26 26

Date Units Date 41946 40 40

Concentration Units ug/L 42137 23 23

42338 25 25

Confidence Level 95% 43054 19 19

Number of results 9
Number of detected results 8

Number of non-detected results 1

Detection frequency 89%

Number at or below cleanup level 9
Are any potential outliers present? No
Mean of concentration 27
Standard deviation of concentration 13

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

53.2

MCL
70

47
KM Chebyshev UCL

Ordinary Least Squares Message: None.

Date 
(Date)

cis-1,2-DCE 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 
value*

45297.94922Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed the 
MCL?

Not applicable - slope is not 
statistically increasing
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Groundwater Statistics Tool
UCL calculations and summary statistics for data sets with nondetects Data, including imputed values

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018 41135 190 190

Person performing analysis J. Lambert 41218 51 51

41414 5 ND 2.679

Chemical of Concern TCE 41583 120 120

Well Name/Number RMW-405A 41758 54 54

Date Units Date 41946 83 83

Concentration Units ug/L 42137 58 58

42338 66 66

Confidence Level 95% 43054 35 35

Number of results 9
Number of detected results 8

Number of non-detected results 1

Detection frequency 89%

Number at or below cleanup level 1
Are any potential outliers present? No
Mean of concentration 74
Standard deviation of concentration 51

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

138

         MCL
5

150
KM Chebyshev UCL

Ordinary Least Squares Message: None.

Date 
(Date)

TCE 
Concentration 

(ug/L)
Data 

Qualifier
Imputed 
value*

45847.41406Random Seed Used

* Note that the imputed value column also includes the 

actual value for detected samples.  This is for 

convenience in copying and pasting the data.

When is the 
concentration 

predicted to exceed the 
MCL?

Not applicable - slope is not 
statistically increasing
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern CB
Well Name/Number RMW-405B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 2500
Standard deviation of concentration 160

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

2550

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern 1,2-DCB
Well Name/Number RMW-405B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 1800
Standard deviation of concentration 160

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? Yes

1920

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?

Not applicable - slope is not 
statistically increasing
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Groundwater Statistics Tool
UCL calculations and summary statistics for nonparametric data sets

Site Name Nyanza
Operating Unit (OU) OU2
Type of Evaluation Remediation
Date of Evaluation 5/15/2018
Person performing analysis J. Lambert

Chemical of Concern cis-1,2-DCE
Well Name/Number RMW-405B
Date Units Date
Concentration Units ug/L

Confidence Level 95%
Number of results 9
Number < cleanup level 0
Are any potential outliers present? No
Mean of concentration 1700
Standard deviation of concentration 640

95% Upper Confidence Limit (UCL)
Method for calculating UCL
Value of 95% Upper Confidence Band 
value at final sampling event
Trend calculation method Random Seed Used
Cleanup level
Source of cleanup level
Is the trend decreasing or statistically 
insignificant? No

3530

Ordinary Least Squares

When is the 
concentration 

predicted to exceed 
the MCL?
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1.0 INTRODUCTION AND OBJECTIVES 

This supplemental human health risk assessment (HHRA) was performed for a single exposure 

scenario - construction workers exposed to shallow groundwater and vapors during excavation 

work - for the Nyanza Chemical Waste Dump Superfund Site Operable Unit 2 – Off-Property 

Groundwater (OU2). The Nyanza Chemical Waste Dump Superfund Site, as listed on the National 

Priorities List (NPL), consists of the 35-acre former Nyanza, Inc. property located in Ashland, 

Massachusetts (Figure 1-1).  

 

A baseline HHRA for OU2 addressing other scenarios (drinking water, showering, washing, and 

basement seepage) was completed in 1991 (Ebasco, 1991). A Record of Decision (ROD) for OU2 

was signed and a remedy was selected in September 1991 (EPA, 1991). ICF Consulting (ICF) 

completed an indoor air HHRA after the original OU2 ROD to evaluate risks to individuals who may 

be exposed to indoor air at properties located above the Nyanza groundwater plume (ICF, 2005). 

The OU2 remedy was updated in 2006 to address risks identified by the ICF indoor air HHRA (EPA, 

2006). Remedial actions, including extraction of contaminated dense non-aqueous phase liquids 

(DNAPL) and operation of vapor mitigation systems and continued groundwater monitoring 

activities, are on-going. The United States (U.S.) Environmental Protection Agency (EPA) has also 

prepared a vapor intrusion (VI) evaluation to further address the potential VI pathway. 

 

The supplemental HHRA was performed to evaluate risks associated with potential construction 

worker exposures to contaminants in Site shallow groundwater. The supplemental HHRA 

addresses contaminant identification, exposure assessment, toxicity assessment, and risk 

characterization. The supplemental HHRA includes a review of data to determine usability of the 

existing data for inclusion in the supplemental HHRA. Relevant validated laboratory data were 

selected, evaluated, and summarized specifically for HHRA purposes; this includes preparing 

summary statistics, identifying the exposure point concentrations to be used for the exposure 

scenario to be evaluated in the HHRA, and developing Risk Assessment Guidance for Superfund 

(RAGS) D standardized risk assessment tables.  

 

The supplemental HHRA followed the EPA RAGS. Tables documenting the supplemental HHRA 

were prepared following the standard format in accordance with RAGS, Human Health Evaluation 

Manual (HHEM) Part D (EPA, 2001) and are presented as Tables A-2 through A-10 in Appendix 
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A. The HHRA complies with the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA). 

 

The human health risks from exposure to contaminants in groundwater were evaluated for a 

single exposure area.  

 

This supplemental HHRA Memorandum consists of the following sections: 

 

• Available Site Data for Risk Assessment Use (Section 2) – Discusses the analytical data 

that were used in the HHRA. 

• Risk Assessment Approach (Section 3) – Presents the overall technical approach used 

for the HHRA.  

• Construction Worker Shallow Groundwater Risk Results (Section 4) – Presents the Site 

HHRA risk results and uncertainties analysis. 

• HHRA Summary and Conclusions (Section 5) – Presents the conclusions of the 

supplemental HHRA. 

 

2.0 AVAILABLE SITE DATA FOR RISK ASSESSMENT USE 

Numerous groundwater samples have been collected over many years from the Nyanza OU2 

Site. Many of those samples were collected from depths far below what is relevant for direct 

contact or vapor intrusion. In addition, much of the data is too old to be considered representative 

of current and future conditions. Historical data were used to identify the area of concern – areas 

overlying the identified trichloroethylene (TCE) groundwater plume shown on Figure 2-1. Only 

data from wells sampled near the top of the water table with top of screen depths of 15 feet (ft) 

below ground surface (bgs) or shallower, in areas overlying the identified TCE groundwater 

plume, and sampled during the most recent sampling rounds were considered. The supplemental 

HHRA incorporated the results of groundwater sampling between November 2015 and July 2018 

from monitoring wells MADEP MW-1, MW-04A, MW-06B, MW-104B, MW-201, and MW-701S. 

See Figure 2-1 for well locations. Table 2-1 provides the results of samples collected at the Site.  

 

For purposes of this supplemental HHRA, shallow groundwater is defined as groundwater 

screened with top-of-screen depths of 15 ft bgs or shallower. This includes samples with bottom-

of-screen depths of 20 ft bgs or shallower. Deeper samples were not evaluated in the 
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supplemental HHRA because of a lack of potential direct construction worker contact or their lack 

of relevancy for volatilization. Appendix A, Table A 2.1 presents the data summary for the 

supplemental HHRA. Appendix B, Table B 1 presents the sample list for the HHRA. 

 

3.0 RISK ASSESSMENT APPROACH 

This section describes the supplemental HHRA approach followed to estimate risks at the Site. 

The results of the risk assessment and a discussion of the summary and conclusions for the Site 

are presented in Section 4. 

 

The supplemental HHRA evaluated the contamination present in shallow groundwater to estimate 

the potential risks (cancer and non-cancer) associated with construction workers exposed to 

shallow groundwater and associated vapors during excavation work. The supplemental HHRA 

was conducted in general accordance with the guidance under CERCLA, including the following 

guidance and methods from the EPA and site-specific information including, but not limited to: 

 

• EPA Risk Assessment Guidance for Superfund (RAGS), Volume I: 

o Human Health Evaluation Manual, Part A (EPA, 1989) 

o Human Health Evaluation Manual, Part D (EPA, 2001) 

o Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal 

Risk Assessment (EPA, 2004) 

o Human Health Evaluation Manual, Part F, Supplemental Guidance for 

Inhalation Risk Assessment (EPA, 2009) 

• EPA Regional Screening Level (RSL) Table (EPA, 2019) 

• EPA Human Health Evaluation Manual, Supplemental Guidance: Update of 

Standard Default Exposure Factors (EPA, 2014) 

 

3.1 Hazard Identification 

The hazard identification presents the data available to assess Site risks, outlines the approach 

used to summarize the data, and identifies the contaminants of potential concern (COPCs). The 

hazard identification process involves the following tasks: 

 

• Identification of the media of potential concern 

• Establishment of the guidelines for data reduction 
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• Evaluation of the data for use in the risk assessment 

• COPC selection process 

 

The following subsections describe each of these tasks in greater detail. 

 

3.1.1 Media of Concern 

Based on the previous investigations, an analysis of data gaps, and the current and reasonably 

anticipated future uses, shallow groundwater and associated vapors are the sole media of 

potential concern to human receptors in the supplemental HHRA for OU2. A baseline HHRA 

addressing deeper groundwater for OU2 was completed in 1991 (Ebasco, 1991). ICF completed 

an indoor air HHRA in 2005 to evaluate risks to individuals who may be exposed to indoor air at 

properties located above the Nyanza groundwater plume (ICF, 2005). EPA  has conducted a 

separate evaluation of potential vapor intrusion using the same shallow groundwater dataset as 

this memorandum uses for construction worker exposures to shallow groundwater. Other media 

are addressed under other operable units (OUs). 

 

3.1.2 Guidelines for Data Reduction 

Data reduction involves the evaluation of data qualifiers and their potential use in the HHRA 

process and describes the treatment of duplicate samples. The following guidelines for data 

reduction were used to produce the groundwater data summary and are consistent with EPA 

RAGS (EPA, 1989). 

 

• If an analyte was not identified in any sample because it was reported as a non-

detect (ND, indicated by a “U” qualifier), it was not addressed in the HHRA. 

• “J” qualified analytical data indicate that the reported concentration was estimated. 

These data were evaluated as detections in the HHRA. 

 

3.1.3 Data Evaluation 

The data evaluation summarizes the data by medium for use in the risk assessment. The 

summary table presents the following information: 
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• List of analytes detected 

• Range of detected concentrations 

• Location of maximum detected concentration (MDC) 

• Frequency of detection 

• Range of detection limits 

 

Appendix A, Table A 2.1 presents the data summary for the Site. 

 

3.1.4 Approach to the Selection of COPCs for the HHRA 

The selection of COPCs is a risk-based screening step to identify chemicals that should be included 

in the quantitative risk assessment. COPC selection was based on chemical substances found at 

the Site including chemical-specific concentrations, occurrence, distribution, and toxicity. COPCs 

include only those chemicals with positive detections and are limited to those chemicals that exceed 

the selection criteria. The selection criteria (EPA RSLs [EPA, 2019]) were used to reduce the 

number of chemicals considered in the risk assessment. Screening levels based on residential 

exposure assumptions were used for this HHRA as a conservative screening tool to be protective 

of all potential current and future site uses and local groundwater uses. Screening levels based on 

residential exposure assumptions are very conservative for screening shallow groundwater for 

protection of construction worker exposures. Exposures to groundwater consider construction 

worker exposures to groundwater and associated vapors in trench air during excavation. 

 

A chemical was selected as a COPC if the MDC was greater than the associated COPC screening 

level or when no screening level was available. Frequency of detection was not considered in 

COPC selection. The criteria that were used to determine COPCs include: 

 

• Non-detection – If an analyte was not detected in any samples, it was not evaluated 

as a COPC. 

 

• HHRA comparison of MDCs to risk-based criteria – Comparisons were made to the 

EPA RSLs (EPA, 2019). Analytes that exceeded their respective screening criteria 

were retained as COPCs and evaluated in the HHRA. The MDCs in the shallow 

groundwater were compared with tap water RSLs. For COPC screening purposes, a 

target hazard quotient (THQ) for non-cancer based RSLs of 0.1 was used. A target 
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risk (TR) for cancer based RSLs of one-in-a-million (expressed as 1x10-6 or 1E-06) 

was used. In cases where an analyte has both cancer and non-cancer screening 

values, the lower (i.e., more conservative) of the two values was used for screening. 

 

• Essential Nutrients - Metals considered to be essential nutrients of low human toxicity 

(e.g., magnesium) were eliminated from consideration as COPCs. 

 

Appendix A, Table A 2.1 identifies the COPCs selected for quantitative risk assessment for the Site. 

 

3.2 Exposure Assessment 

The exposure assessment characterizes the nature, extent, and magnitude of potential exposure 

of human receptors to COPCs considering the current and the reasonably anticipated future uses 

of the Site. The exposure assessment involves several elements, including: 

 

• Developing a conceptual site model (CSM), which includes describing the source of 

contamination, the transport and release mechanisms, the exposure media, the 

exposure routes, and the potentially exposed populations; 

 

• Calculating the exposure point concentrations (EPCs) for each COPC for each of the 

exposure scenarios and routes of exposure; 

 

• Identifying the exposure models and parameters that were used to calculate the 

exposure doses; and 

 

• Calculating the exposure doses for both cancer and non-cancer effects. 

 

Doses and risks were estimated based on the reasonable maximum exposure (RME) scenario. 

The RME is a high-end description of risk defined by EPA guidance (EPA, 1992) as: 

 

“… a plausible estimate of the individual risk for those persons at the upper end of the risk 

distribution. The intent of this description is to convey an estimate of risk in the upper range 

of the distribution, but to avoid estimates which are beyond the true distribution.” 
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3.2.1 Conceptual Site Model for Human Exposures 

The CSM for human exposures describes the contaminant source(s), the release and transport 

mechanisms, the exposure media, the exposure routes, and the potentially exposed human 

populations. The primary objective of the HHRA CSM is to identify the complete and incomplete 

exposure pathways. A complete pathway has all the components listed above, whereas an 

incomplete pathway is missing one or more. Figure 3-1 presents the CSM for human exposure. 

Each element of the CSM is described in detail in the following sections. 

 

Source of Contamination 

Nyanza, Inc. and its predecessors manufactured a wide variety of dyes and intermediates from 

1917 to 1978. A detailed description of the source of contamination at the Site can be found in 

the Feasibility Study (FS) (Nobis, 2019). 

 

Release and Transport Mechanisms 

The primary mechanisms of COPC release and transport from initial source areas are described 

in the FS (Nobis, 2019). 

 

Exposure Media and Routes of Exposure 

The potentially contaminated media for human exposure considered under OU2 are limited to 

groundwater and associated vapors located downgradient from the 35-acre Nyanza Chemical 

Waste Dump Superfund Site. Other media have been previously evaluated under other OUs. 

Except for potential construction worker exposures to shallow groundwater during excavation 

work, other groundwater exposure scenarios have been previously evaluated (Ebasco, 1991). 

ICF completed an indoor air HHRA in 2005 to evaluate risks to individuals who may be exposed 

to indoor air at properties located above the Nyanza groundwater plume (ICF, 2005). EPA has 

also prepared a VI Evaluation. 

 

COPCs in shallow groundwater may be incidentally ingested and/or absorbed through the skin 

by exposed human receptors. In addition, volatiles released from the shallow groundwater into 

the air would be available for inhalation. 
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3.2.2 Potentially Exposed Populations 

The approximately 75-acre area of groundwater contamination underlies homes and 

businesses to the east and northeast of the original Nyanza, Inc. facility. The supplemental 

HHRA focuses on construction worker exposures to shallow groundwater and associated 

vapors during excavation work. 

 

The shallow groundwater and associated vapors exposure pathways represent a threat to human 

health by exposure to hazardous substances in groundwater via incidental ingestion and dermal 

contact and inhalation of associated vapors. Concentrations of volatile organic compounds 

(VOCs) greater than RSLs were found in groundwater at the Site, and there is the potential for 

the Site to be visited by the human receptors identified above. Given the presence of VOCs at 

concentrations greater than RSLs and the potential use of the Site by human receptors, the 

shallow groundwater and associated vapors exposure pathways are considered complete. 

 

These exposed populations include: 

 

• Construction Worker – A future construction worker scenario was evaluated to 

determine the Site risks should workers involved in construction/excavation activities 

contact shallow groundwater contaminated by the Site and associated vapors. The 

construction worker is a worker who is involved with the construction of new buildings 

or other structures. 

 

3.2.3 Exposure Point Concentrations 

EPCs are the COPC concentrations that a receptor is assumed to encounter during exposure to Site 

groundwater and/or vapors in trench air. 

 

Groundwater EPCs 

The MDCs were used as EPCs because of the limited number of samples, percent detected, and 

other data-set specific variables. 

 

Shallow groundwater EPCs used in the HHRA are presented in Appendix A, Table A 3.1.  
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EPCs for Trench Air 

To estimate the EPC for air in a construction trench, the HHRA used an approach suggested by the 

Virginia Department of Environmental Quality (VDEQ) within the Virginia Unified Risk Assessment 

Model – VURAM 2.0 User’s Guide (VDEQ, 2018), which is based on a combination of a vadose 

zone model (to estimate volatilization of gases from contaminated groundwater into a trench) and 

a box model (to estimate dispersion of the contaminants from the air inside the trench into the 

above-ground atmosphere). The VDEQ methodology is described in the following paragraphs. 

 

The airborne concentration of a contaminant in a trench can be estimated based on maximum 

shallow groundwater concentrations using the following equation: 

 

Cair  =  CGW x VF x CF 

 

where: 

Cair  = air concentration of contaminant in the trench (mg/m3) 

CGW  = concentration of contaminant in groundwater (µg/L) 

VF = volatilization factor (L/m3) 

CF = Conversion factor (0.001 mg/µg). 

 

It is assumed that a construction project could result in an excavation of 15 feet bgs or less. If the 

depth to groundwater at a site is less than 15 feet, as it is at this Site, the VDEQ model assumes 

that a worker would encounter groundwater when digging an excavation or a trench. The worker 

would then have direct exposure to the groundwater. The worker would also be exposed to 

contaminants in the air inside the trench that would result from volatilization from the groundwater 

pooling at the bottom of the trench. 

 

The following equation is used to calculate the volatilization factor (VF) for a trench less than 15 

feet deep, assuming a 3-feet wide, 8-feet deep, and 8-feet long trench): 

 

VF  =  (Ki x A x F x 10-3 x 104 x 3,600) / (ACH x V) 
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where:  

Ki = overall mass transfer coefficient of contaminant (cm/second) 

A = area of the trench (m2) (2.23 m2) 

F = fraction of floor through which contaminant can enter (unitless) 

ACH = air changes per hour (hr) = 2 hr-1 

V = volume of trench (m3) (5.44 m3) 

10-3 = conversion factor (L/cm3) 

104 = conversion factor (cm2/m2) 

3,600 = conversion factor (seconds/hr). 

 

According to the VDEQ VURAM 2.0 User’s Guide (VDEQ, 2018), if the ratio of trench width to 

trench depth is less than or equal to 1, a circulation cell or cells will be set up within the trench 

that limits the degree of gas exchange with the atmosphere and the air changes per hour (ACH) 

is assumed to be 2. If the ratio of trench width to trench depth is greater than 1, the air exchange 

between the trench and above-ground atmosphere is not restricted, and the ACH is assumed to 

be 360. The exposure assessment performed for this HHRA conservatively assumes a width-to-

trench depth ratio less than 1; therefore, the ACH is set at 2. 

 

Ki is calculated using the following equation: 

 

Ki   =  1 / {(1/kiL) + [(RT) / (Hi kiG)]} 

 

where: 

Ki  = overall mass transfer coefficient of containment (cm/second) 

kiL  = liquid-phase mass transfer coefficient of i (cm/second) 

R  = ideal gas constant (atm-m3/mole-°K) = 8.2 x 10-5 

T  = average system absolute temperature (°K) (Default = 298°K) 

Hi  = Henry's Law constant of i (atm-m3/mole) 

kiG  = gas-phase mass transfer coefficient of i (cm/second). 

 

The formulas for calculating kiL and kiG are as follows: 

 

kiL   =  (MWO2/MWi)0.5 x (T/298) x kL,O2 
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where: 

kiL  = liquid-phase mass transfer coefficient of component i (cm/second) 

MWO2  = molecular weight of oxygen (grams/mole) 

MWi  = molecular weight of component i (grams/mole) 

kL,O2  = liquid-phase mass transfer coefficient of oxygen at 25°C    

(cm/second) = 0.002 cm/second. 

 

kiG   =  (MWH2O/MWi)0.335 x (T/298)1.005 x kG,H2O 

 

 

where: 

kiG  = gas-phase mass transfer coefficient of component i (cm/second) 

MWH2O = molecular weight of water (grams/mole) 

kG,H2O = gas-phase mass transfer coefficient of water vapor at 25°C 

(cm/second) = 0.833 cm/second (Superfund Exposure Assessment Manual, 

EPA, 1988). 

 

Appendix A, Table A-3.2 presents EPCs for trench air modeled from shallow groundwater, to 

which construction workers may be exposed. Appendix C, Table C-1 presents the supporting 

information used to develop the EPCs in trench air. Chemical properties were obtained from the 

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (EPA, 2002) 

and are presented in Appendix C, Table C-1. 

 

3.2.4 Identification of Exposure Equations and Parameters 

This section presents the equations and parameters that were used to estimate the chronic daily 

intakes (exposure doses) of the COPCs for each receptor through the applicable exposure 

pathways. The exposure parameters that were used are standard values recommended by EPA 

in its risk assessment guidance. Where a standard value could not be obtained or was not 

appropriate, site-specific information and professional judgment were used. Exposure doses are 

dependent upon the magnitude, frequency, and duration of exposure. They are estimated by 

combining the COPC concentration (i.e., the EPC) and the exposure parameters. The exposure 

doses are expressed as intakes in milligrams of COPC per kilogram of body weight per day 

(mg/kg-day). Two types of doses were calculated in this HHRA. The first, the lifetime average 
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daily dose (LADD), which is averaged over a 70-year lifetime, was used to estimate cancer risk. 

The second, the average daily dose (ADD), which is averaged over the actual exposure duration 

for each receptor, was used to estimate non-cancer health effects. The following list defines the 

exposure parameters that were used to estimate COPC intakes: 

 

• Exposure frequency (EF) – represents the number of days per year (days/year) that a 

human receptor is engaged in an activity that could result in exposure. 

 

• Exposure duration (ED) – represents the length of time in years that a receptor 

engages in an activity that could result in exposure. 

 

• Exposure time (ET) – represents the number of hours per day (hr/day) that a receptor 

engages in an activity that could result in exposure. 

 

• Body weight (BW) – represents the average receptor body weight over the exposure 

period, expressed in kilograms (kg). 

 

• Averaging time (AT) – represents the period over which exposure is averaged, 

expressed in days. AT is dependent on the type of evaluation: cancer or non-cancer. 

The cancer AT is based on a 70-year lifetime for all age groups, which equals 25,550 

days (i.e., 70 years x 365 days/year). The non-cancer AT equals the receptor-specific 

ED multiplied by 365 days/year. 

 

• Ingestion Rate (IR) – represents the average amount of contaminated groundwater 

incidentally swallowed, expressed in units of liters per day (L/day). 

 

• Exposed skin surface area (SA) – represents the amount of skin exposed to 

contaminated groundwater, expressed in units of square centimeters per day (cm2/day). 

 

Calculation of the ADD from dermal exposure to water, referred to as the dermally absorbed dose 

(DAD), follows EPA guidance (EPA, 2004) that differentiates between organics and inorganics. 

The equations from RAGS HHEM, Part E, Supplemental Guidance for Dermal Risk Assessment 

(EPA, 2004) used to estimate the DAD following dermal contact with shallow groundwater are 

presented on Appendix A, Table A-4.1. The calculation of the absorbed dose per event (DAevent) 



 

NH-4583-2019-D 13 Nobis Group 

(mg/cm2-event) for construction workers exposed to shallow groundwater in construction trenches 

is presented in Appendix D, Table D-1. 

 

To ensure that risk estimates are conservative and protective of human health, RME intakes 

based on a combination of upper-end, typically the upper 90th or 95th percentile, and average 

exposure factors were calculated (EPA, 1992). 

 

Construction Worker – A future construction worker scenario was evaluated to determine the Site 

risks should construction or excavation activities occur in areas of contaminated shallow 

groundwater. The construction worker is a worker who is involved with the construction of new 

buildings or other structures. The construction worker is assumed to be exposed to shallow 

groundwater to a depth of 15 ft bgs. Exposure pathways include incidental ingestion and dermal 

contact with groundwater and inhalation of vapors released from groundwater into trench air. 

Appendix A, Table A-4.1 presents the exposure parameters and models that were used to 

estimate construction worker exposure to the potentially affected shallow groundwater and 

associated vapors. 

 

3.3 Toxicity Assessment 

The toxicity assessment identifies the toxicity values for the COPCs used in the estimation of 

potential cancer risks and non-cancer health effects. It also provides a description of the terms 

that are used to estimate toxic effects (i.e., cancer and non-cancer effects) along with the data 

sources. Appendix A, Tables A-5.1 and A-6.1 present oral non-carcinogenic and carcinogenic 

toxicity values, respectively. Appendix A, Tables A-5.2 and A-6.2 present inhalation non-

carcinogenic and carcinogenic toxicity values, respectively. 

 

3.3.1 Cancer Effects 

For cancer effects, the toxicity values are expressed as oral cancer slope factors (CSF) in units 

of per milligrams of COPC per kilogram of body weight per day (mg/kg-day)-1 or as inhalation unit 

risk factors (IUR) in units of per micrograms of COPC per cubic meter (µg/m3)-1. EPA has assigned 

each contaminant a “weight-of-evidence” category that represents the likelihood of it being a 

human carcinogen (EPA, 1989). Six weight-of-evidence categories exist: 

 

• A – Human carcinogen 
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• B1 – Probable human carcinogen, limited human data are available 

• B2 – Probable human carcinogen, enough evidence in animals and inadequate or no 

evidence in humans 

• C – Possible human carcinogen 

• D – Not classifiable as to human carcinogenicity 

• E – Evidence of non-carcinogenicity for humans 

 

EPA revised the weight-of-evidence categories to include the following five cancer hazard 

descriptors (EPA, 2005): 

 

• Carcinogenic to humans 

• Likely to be carcinogenic to humans 

• Suggestive evidence of carcinogenic potential 

• Inadequate information to assess carcinogenic potential 

• Not likely to be carcinogenic in humans 

 

COPCs that are classified in categories A through C following the 1989 weight-of-evidence 

classification and in the first three categories according to the 2005 classification system are 

generally carried through the risk characterization step if CSFs or IURs have been developed. 

 

3.3.1.1 Non-cancer Effects 

Non-carcinogens refer to contaminants that cause toxic effects other than cancer. Non-cancer 

effects can include, for example, central nervous system damage, reproductive effects, and other 

systemic effects. For non-cancer effects, the toxicity values are expressed as oral reference 

doses (RfD) in units of mg/kg-day and reference concentrations (RfC) in units of mg/m3. The 

premise of non-cancer toxicity values is that there is an exposure level below which deleterious 

non-cancer effects are not expected to occur. 

 

3.3.2 Sources of Toxicity Values 

When available, CSFs/IURs and RfDs/RfCs were obtained from the following sources in the order 

presented (EPA, 2003): 
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• Tier 1 – Integrated Risk Information System (IRIS) (EPA, 2018). 

• Tier 2 – EPA’s Provisional Peer Review Toxicity Values (PPRTVs) as summarized on 

the current version of the RSL table. 

• Tier 3 - Other Toxicity Values summarized on the current version of the RSL table 

including California EPA Office of Environmental Health Hazard Assessment 

(OEHHA) values, Agency for Toxic Substances and Disease Registry (ATSDR) 

Minimal Risk Levels (MRLs), the Health Effects Assessment Summary Tables 

(HEAST) (EPA, 1997), and toxicity values developed by various state agencies. 

 

3.3.3 Dermal Exposure 

Toxicity values have not been developed for the dermal contact and absorption pathway. Dermal 

toxicity values were derived from the oral toxicity values as described in the EPA dermal risk 

assessment guidance (EPA, 2004). In general, the oral CSFs and oral RfDs are expressed as 

administered doses (i.e., the amount of a contaminant administered per unit time and weight). 

Conversely, exposures resulting from the dermal pathway are expressed as absorbed doses. 

Therefore, it is necessary to make an adjustment to the oral toxicity value to account for the 

contaminant-specific absorption efficiency. 

 

The fraction of a COPC that is absorbed in the gastrointestinal (GI) tract, also known as ABSGI, is 

a critical factor when adjusting from an administered to an absorbed dose. The ABSGI values that 

were used in this HHRA were obtained from EPA’s dermal RAGS E, Exhibit 4-1 (EPA, 2004). The 

oral CSFs and oral RfDs are each adjusted to an absorbed dose using different methods. The 

dermal CSF (CSFd) was derived by dividing the oral CSF (CSFo) by the ABSGI as shown below: 

 

CSF𝑑 =
CSF𝑜
ABSGI 

where: 

CSFd = Dermal cancer slope factor (mg/kg-day)-1 

CSFo = Oral cancer slope factor (mg/kg-day)-1 

ABSGI = Fraction of contaminant absorbed in the gastrointestinal tract (unitless). 

 

The dermal reference dose (RfDd) was derived by multiplying the oral RfD (RfDo) by the ABSGI 

as shown below: 

RfD𝑑 =  RfD𝑜 x ABSGI 
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where: 

RfDd = Dermal reference dose (mg/kg-day) 

RfDo = Oral reference dose (mg/kg-day) 

ABSGI = Fraction of contaminant absorbed in the gastrointestinal tract (unitless). 

 

3.4 Risk Characterization 

The risk characterization integrates the information developed in the exposure assessment and 

the toxicity assessment into an evaluation of the potential risks associated with exposure to 

COPCs. Carcinogenic risks were calculated for those COPCs with evidence of carcinogenicity 

and for which cancer toxicity values are available. Non-cancer health effects were evaluated for 

all COPCs (i.e., including carcinogens) for which non-cancer toxicity values are available. 

 

3.4.1 Cancer Risk 

Potential cancer risk from the ingestion and dermal contact pathways was calculated by 

multiplying the estimated LADD that is calculated for a COPC through an exposure route by the 

exposure route-specific CSF, as follows: 

 

Cancer Risk = LADD * CSF 

 

where: 

 

LADD = Lifetime average daily dose; intake averaged over a 70-year lifetime as mg 

COPC/kg-body weight per day. 

CSF = COPC- and route-specific cancer slope factor (mg/kg-day)-1. 

 

Potential cancer risk from the inhalation pathway was calculated by multiplying the modeled air 

concentration by the IUR, as follows: 

 

Inhalation Cancer Risk = CA x IUR 
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where: 

 

CA = Air concentration (µg/m3). 

IUR = COPC-specific inhalation unit risk factor (µg/m3)-1. 

 

Carcinogenic risks associated with exposure to individual chemicals are estimated by multiplying 

the chemical intake for each carcinogen by its CSF. This value represents an upper bound of the 

probability of an individual developing cancer over a lifetime as the result of exposure to a 

chemical. The results from the carcinogenic risk assessment are compared to acceptable risk 

ranges established by the USEPA. The USEPA's guidelines, established in the National 

Hazardous Substances and Pollution Contingency Plan (NCP), identify acceptable exposure 

levels as those concentration levels that represent an excess upper bound lifetime cancer risk to 

an individual of between 10-4 to 10-6 using information on the relationship between dose and 

response (EPA, 1990). 

 

3.4.2 Non-cancer Health Effects 

Potential non-cancer health effects were evaluated by the calculation of hazard quotients (HQs) 

and hazard indices (HIs). For the ingestion and dermal contact pathways, the HQ is the ratio of 

the exposure duration-averaged estimated daily intake (ADD) through a given exposure route to 

the COPC and route-specific RfD. The HQ-RfD relationship is illustrated by the following equation: 

 

HQ = ADD/RfD 

 

where: 

 

HQ = Hazard quotient. 

ADD = Average daily dose; estimated daily intake averaged over the exposure 

duration (mg/kg-day). 

RfD = Reference dose (mg/kg-day). 

 

For inhalation exposure, the HQ is the ratio of the air concentration and the COPC-specific RfC 

as presented in the equation below: 

 



 

NH-4583-2019-D 18 Nobis Group 

Inhalation HQ = CA / (RfC x CF) 

 

where: 

 

HQ = Hazard quotient 

CA = Air concentration (µg/m3) 

RfC = COPC-specific reference concentration (mg/m3) 

CF = Conversion factor (1,000 µg/mg). 

 

HQs were summed to calculate HIs for each scenario. HIs were calculated for each exposure 

route, and a total HI was calculated based on exposure to the COPCs from exposure routes for 

each receptor. HIs of less than one indicate that adverse health effects associated with the 

exposure scenario are unlikely to occur and that remedial action is not warranted. For those 

scenarios with total HIs greater than one, the HQs were segregated by COPC-specific target 

organ and summed to yield organ-specific HIs. 

 

3.5 Uncertainty Analysis 

The goal of an uncertainty analysis in a risk assessment is to provide decision makers (i.e., risk 

managers, stakeholders) information about the key assumptions, their inherent uncertainty and 

variability, and the impact of this uncertainty and variability on the estimates of risk. Section 4 

presents the Uncertainty Analysis. 

 

4.0 CONSTRUCTION WORKER SHALLOW GROUNDWATER RISK RESULTS 

This section presents the risk results for the evaluation of the construction worker shallow 

groundwater-contact scenario. 

 

Appendix A, Table A-2.1 presents the data summary and COPC selection results for the shallow 

groundwater dataset. 

 

The shallow groundwater EPCs are presented in Appendix A, Table A-3.1 and were derived 

following the approach outlined in Section 3.2.3. The MDCs were used as the EPCs because there 

was insufficient data to calculate 95 percent upper-confidence limits of the mean (95% UCLs). 
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The trench air EPCs are presented in Appendix A, Table A-3.2 and were derived from the shallow 

groundwater EPCs following the VDEQ approach outlined in Section 3.2.3. 

 

Exposure parameters and models that were used to estimate shallow groundwater and trench air 

exposures are presented in Appendix A, Table A-4.1 for the identified receptor.  

 

Appendix A, Tables A-5.1 and A-6.1 present oral non-carcinogenic and carcinogenic toxicity 

values, respectively. Appendix A, Tables A-5.2 and A-6.2 present inhalation non-carcinogenic 

and carcinogenic toxicity values, respectively. 

 

Details of the risk estimates are presented in the tables, as follows: 

 

• Appendix A, Table A-7.1, presents exposure doses, non-cancer HIs, and cancer risk 

estimates. (There is no Table A-8.1.) 

 

• Appendix A, Table A-9.1 presents a summary of cancer risks and non-cancer HIs from 

all applicable pathways for the exposure scenario. 

 

• Appendix A, Table A-10.1 presents a summary of cancer risks and non-cancer HIs 

from all applicable pathways for only the major contributors to risk (individual 

contaminants with cancer risk greater than 1x10-6 or hazard indices greater than one). 

 

4.1 Summary 

Potential receptors include potential construction workers exposed to shallow groundwater and VOCs 

in trench air during excavation activities. Construction workers may contact groundwater through 

incidental ingestion and dermal contact and/or inhalation of trench air vapors. Only the RME scenario 

was evaluated. 

 

Non-Carcinogenic Risks 

Hazard indices developed for future construction workers are as follows: 

 

Receptor (Timeframe) RME HI 
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Construction Worker – shallow groundwater (Future) 2 

Construction Worker – trench air vapors (Future) 169 

 

 

The HIs are greater than 1.0, with at least one organ-specific HI exceeding the EPA target of 1.0, 

for construction workers exposed to shallow groundwater and VOCs in trench air. For construction 

workers exposed to shallow groundwater and VOCs in trench air, under the RME scenario, organ-

specific HIs exceed 1.0 for the developmental system (HI = 104), immune system (HI = 105), urinary 

system (HI = 57), kidney (HI = 7), liver (HI = 8), and body weight (HI = 2). Individual contaminant 

HQs exceed one for TCE (HQ = 103 with impacts to the developmental system and immune 

system), 1,2,4-trichlorobenzene (HQ = 57 with impacts to the urinary system), chlorobenzene (HQ 

= 7 with impacts to the kidney and liver), and 1,2-dichlorobenzene (HQ = 2 with impacts to total 

body weight), as VOCs in trench air. No individual contaminant HQs exceed one for incidental 

ingestion and dermal contact exposures to shallow groundwater. TCE is the only individual COPC 

with a hazard quotient above 1.0 (HQ = 103 for TCE in trench air and HQ=0.9 for incidental ingestion 

and dermal contact exposures to shallow groundwater) for the immune system; however, benzene 

in trench air also contributes slightly (HQ = 0.4) to the target organ-specific HI exceeding 1.0 for the 

immune system. 

 

Carcinogenic Risks 

Cancer Risks developed for construction workers are as follows: 

 

Receptor (Timeframe) RME Cancer Risk 

Construction Worker – shallow groundwater (Future) 1x10-6 

Construction Worker – trench air vapors (Future) 3x10-5 

 

 

Cancer risk estimates for construction workers exposed to shallow groundwater and VOCs in 

trench air are within the EPA targeted cancer risk range (10-4 to 10-6). 
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The construction worker shallow groundwater-contact scenario specific risks and health hazards 

are described below: 

 

• The total cancer risk of 3 x10-5 is within the EPA targeted cancer risk range (10-4 to 10-6). 

 

• The non-cancer HI is greater than one (172), reflecting organ-specific HIs greater than 

one for effects on the developmental system (104), immune system (105), urinary 

system (57), kidney (7), liver (8), and body weight (2).  

 

The exposure scenario evaluated resulted in unacceptable levels of non-cancer health hazards 

greater than one for future construction workers exposed to shallow groundwater and trench air. 

 

Chemicals of Concern (COCs) are defined as those COPCs whose individual cancer risk exceeds 

1x10-6 in a scenario with total risk greater than 1x10-4 OR whose individual HQ exceeds 1. TCE, 

1,2,4-trichlorobenzene, chlorobenzene, and 1,2-dichlorobenzene were identified as COCs for 

shallow groundwater and trench air. 

 

4.2 Uncertainties Analysis 

This subsection presents the uncertainties associated with the risk assessment process. 

 

• The selection of exposure scenarios – It is possible that the scenario evaluated in the 

HHRA overstated realistic exposures, and thus overestimated the actual Site risks. This 

HHRA considered a construction worker scenario, assuming year-long direct contact 

(incidental ingestion and dermal) with groundwater and inhalation of vapors in construction 

trenches. This scenario is unrealistic in that construction workers should not be in trenches 

with standing water. See further discussion below of exposure area, sampling depth, 

contamination depth, and selection of exposure assumptions, which each contribute to the 

uncertainties within the selected scenario. 

 

• The selection of data – This HHRA used shallow groundwater data collected between 

2015 and 2018 from wells located within the overburden plume as defined by the 5 ug/L 

contour for TCE. The overburden plume map (Figure 2-1) appears as two distinct 

segments, the center points of which are approximately 1800 feet apart. Construction 
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workers are unlikely to contact groundwater over this large expanse; however, because 

the groundwater wells are in the same aquifer and the contamination is presumably 

derived from the same source, wells from both segments were included in a single dataset. 

This HHRA used data collected from top of screen depths of 15 ft bgs or shallower. This 

includes samples with bottom screens of 20 ft bgs or shallower. Construction workers are 

unlikely to contact groundwater deeper than 8-10 feet bgs; however, data from slightly 

deeper wells were used to represent groundwater at the top of the water table. As the 

greatest contamination has been found in deeper wells, this approach likely overestimates 

concentrations to which an excavation worker is likely to contact. Despite using wells from 

across a large areal expanse and wells sampled at slightly deeper depths than optimal for 

the scenario in question, the dataset is limited in size, including only 9 samples collected 

from 6 wells, each sampled during one to two rounds during the selected period. 

 

An additional shallow well (MW/B-11) is located within the core of the plume; however, 

this well is a bedrock DNAPL extraction well. Groundwater samples from MW/B-11 are 

collected as part of the annual DNAPL sampling program. Generally, DNAPL has not been 

captured directly from this well. Rather, samples from it appear to be an emulsion of 

suspended NAPL droplets in water with very high concentrations of dissolved-phase 

DNAPL. Higher concentrations of the identified COPCs relative to the wells in the selected 

dataset and a few additional contaminants detected above screening levels are reported 

in this well. If this well was included in the dataset, there would then be enough data to 

calculate 95%UCLs. However, the concentrations of well MW/B-11 would drive the 

calculated 95%UCL to greater EPCs than the maximum detected concentrations from the 

other wells. Inclusion of this well in the dataset, would result in significantly higher risks. 

Although the well is located within the area of interest and at an appropriately shallow 

depth, because it is a DNAPL extraction well screened within bedrock, the results from 

this well were not included in this evaluation. This assumes that excavation would not 

proceed deeper than the top of bedrock. 

 

• Use of MDCs for EPCs — The dataset had insufficient number of samples to calculate a 

95%UCL. Therefore, the MDCs were assumed as the EPCs. Use of MDCs as EPCs can 

result in overestimating risks. It should also be noted that one of the primary risk drivers, 

nitrobenzene was detected in only one of three samples. These data issues can result in 

overestimating risks. 



 

NH-4583-2019-D 23 Nobis Group 

 

• The selection of exposure assumptions – The exposure assumptions directly influence the 

calculated doses and ultimately the calculation of risk. The RME concept was used to 

estimate the exposure potential for each of the receptors that were evaluated in the HHRA. 

The RME is defined as the "maximum exposure that is reasonably expected to occur at the 

site" (EPA, 1989). In most cases, these assumptions are upper-bound estimates of potential 

real-life exposures, and possibly result in an overestimation of risk. 

 

• The use of CSFs and RfDs – Both cancer risks and non-cancer health effects were 

evaluated using EPA-approved or provisional toxicity criteria. The CSFs and RfDs are 

derived to be health protective of human exposure. Therefore, risk calculations, which are 

partially based on toxicity estimates, are intended to be protective of exposed human 

populations including sub-populations that tend to be susceptible to exposure (e.g., young 

receptors, old receptors, and receptors with pre-existing conditions such as respiratory 

issues). The exact degree of overestimation cannot always be determined and each 

COPC must be evaluated on a case-by-case basis. 

 

• The use of Chronic RfDs for Subchronic Exposures – Subchronic toxicity values are 

applicable to short-term exposure to construction workers. Chronic toxicity values were used 

for these exposures, which would tend to overestimate risks for these receptors. 

 

• The use of RfDs, RfCs, CSFs, and IURs from Tier 2 and 3 Sources – The source for the 

RfD for 1,4-dichlorobenzene is ATSDR MRLs. The source for the RfD for iron is EPA’s 

PPRTV. The source for the RfD for 1,2,3-trichlorobenzene is EPA’s PPRTV appendix. The 

source for the RfC for 1,2-dichlorobenzene is HEAST. The sources for the RfCs for 1,2,4-

trichlorobenzene and chlorobenzene are EPA’s PPRTVs. The source for the CSF for 

1,2,4-trichlorobenzene is EPA’s PPRTV. The source for the CSF for 1,4-dichlorobenzene 

is California EPA OEHHA. The source for the IUR for 1,4-dichlorobenzene is California 

EPA OEHHA. Use of Tier 2 and 3 toxicity values indicates a level of associated uncertainty 

greater than use of Tier 1 values; however, no Tier 1 values are available for these 

COPCs. 

 

• Lack of toxicity values for dermal exposure – Toxicity values for dermal exposures have not 

been developed by EPA. Oral RfDs and oral CSFs were adjusted and used to assess toxicity 
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from dermal exposures following guidelines provided by EPA. The dermal route of exposure 

can result in different patterns of distribution, metabolism, and excretion than occur from the 

oral route. When oral toxicity values for systemic effects are applied to dermal exposures, 

uncertainty in the risk assessment is introduced because these differences are not 

considered. Since any toxicity differences between oral and dermal exposure would depend 

on the specific COPC, use of oral toxicity factors can result in the overestimation or 

underestimation of risk. It is not possible to make a general statement about the direction or 

magnitude of this uncertainty. 

 

• Analytes without screening values – Among the detected analytes, only 1,3-

dichlorobenzene lacks screening values. This contaminant was retained as a COPC; thus, 

it is unlikely that any contaminant that may pose a risk was eliminated from the risk 

assessment during the data evaluation step. 

 

• Analytes without toxicity values – Among the COPCs, only 1,3-dichlorobenzene has no 

available value. As a result, cancer risks and health hazards cannot be calculated for this 

COPC. This may result in an underestimate of total site risks. 

 

5.0 HHRA SUMMARY AND CONCLUSIONS 

Based on the previous investigations, an analysis of data gaps, and the current and reasonably 

anticipated future uses, shallow groundwater and associated vapors are the sole media of 

potential concern to human receptors in the supplemental HHRA for OU2.  

 

The supplemental HHRA evaluated the contamination present in shallow groundwater to estimate 

the potential risks (cancer and non-cancer) associated with construction workers exposed to 

shallow groundwater and associated vapors during excavation work. The HHRA was conducted 

in general accordance with the guidance under CERCLA. 

 

Construction Worker Shallow Groundwater Risk 

A future construction worker scenario was evaluated to determine the Site risks should 

construction or excavation activities ever occur at the Site. The construction worker is a worker 

who is involved with the construction of new buildings or other structures. The construction worker 

is assumed to be exposed to shallow groundwater to a depth of 15 ft bgs. Exposure pathways 
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include incidental ingestion and dermal contact with groundwater and inhalation of vapors 

released from groundwater into trench air. 

 

The exposure parameters that were used in the HHRA are standard values recommended by EPA. 

Where a standard value could not be obtained or was not appropriate, site-specific information and 

professional judgment was used. To ensure that the risks calculated in the HHRA are conservative 

and protective of human health, RME intakes based on a combination of upper-end, typically the 

upper 90th or 95th percentile, and average exposure factors, were calculated (EPA, 1992). 

Construction workers were assumed to be exposed to shallow groundwater for 130 days per year 

(5 days per week during 6 months per year – professional judgement). Construction work projects 

were assumed to be limited to one-year duration (professional judgement). Head, hands, and 

forearms were expected to be available for dermal contact with shallow groundwater. The calculated 

available skin surface area for these body parts was 3,527 cm2 (EPA, 2014). Construction workers 

were assumed to inhale vapors from groundwater for 8 hours per day (exposure time - 

professional judgement) and ingest 50 ml of groundwater per day (professional judgement). 

 

The construction worker risk assessment results in unacceptable levels of non-cancer health 

hazards (HI = 172). The non-cancer HI is greater than the EPA target of one, reflecting organ-

specific HIs greater than one for effects on the developmental system (104), immune system 

(105), urinary system (57), kidney (7), liver (8), and body weight (2). Total cancer risks are within 

the CERCLA acceptable risk range of 1x10-4 to 1x10-6. 

 

TCE, 1,2,4-trichlorobenzene, chlorobenzene, and 1,2-dichlorobenzene were identified as COCs 

for shallow groundwater and trench air. 

 

It is possible that the scenario evaluated in the HHRA overstated realistic exposures, and thus 

overestimated the actual Site risks. This HHRA considered a construction worker scenario, 

assuming year-long direct contact (incidental ingestion and dermal) with groundwater and 

inhalation of vapors in construction trenches. This scenario is unrealistic in that construction 

workers should not be in trenches with standing water. The HHRA used data from wells from 

across a large areal expanse; however, construction workers are unlikely to contact groundwater 

over this large expanse. This HHRA used data collected from top of screen depths of 15 ft bgs or 

shallower. This includes samples with bottom screens of 20 ft bgs or shallower. Construction 

workers are unlikely to contact groundwater deeper than 8-10 feet bgs. Despite using wells from 
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across a large areal expanse and wells sampled at slightly deeper depths than optimal for the 

scenario in question, the dataset is limited in size. The dataset had insufficient number of samples 

to calculate a 95%UCL. Therefore, the MDCs were assumed as the EPCs. Use of MDCs as EPCs 

can result in overestimating risks. These uncertainties contribute to the conclusion that risks are 

overestimated.  
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Table 2-1

HHRA Groundwater Sample Results

Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts

Page 1 of 2

Sample Location MW-04A MW-06B MW-701S

Sample ID MW-DEP-1-113015A MADEP-MW-1-111417A MW-04A-120115A MW-06B-111417A MW-104B-120215A MW-104B-111317A MW-201-120215A MW-201-111417A MW-701-050218A

Sample Date 11/30/15 11/14/17 12/01/15 11/14/17 12/02/15 11/13/17 12/02/15 11/14/17 05/02/18

Sample Type Units N N N N N N N N N

1,2,3-Trichlorobenzene ug/L 5 U 1 U 5 U 5 U 5 U 1 U 37 25 19

1,2,4-Trichlorobenzene ug/L 6 1 U 5 U 15 5 U 1 U 160 120 89

1,2-Dichlorobenzene ug/L 16 1.3 5 U 410 8.4 1.1 450 430 380

1,3-Dichlorobenzene ug/L 5 U 1 U 5 U 5 U 5 U 1 U 12 8.2 10 U

1,4-Dichlorobenzene ug/L 3.2 J 1 U 5 U 54 1.4 J 1 U 98 77 70

2-Butanone ug/L 35 1 U 10 U 5 U 10 U 1 U 10 U 5 U 10 U

Acetone ug/L 170 3.4 10 U 5 U 10 U 1 U 10 U 5 U 10 U

Benzene ug/L 5 U 1 U 5 U 12 5 U 1 U 9.2 6.1 10 U

Chlorobenzene ug/L 7.7 1 U 5 U 170 5 U 1 U 380 360 370

cis-1,2-Dichloroethene ug/L 6.2 1 U 5 U 170 64 10 180 160 170

Methyl tert-butyl ether ug/L 5 U 1 U 5 U 5.5 5 U 1 U 5 U 5 U 10 U

Naphthalene ug/L NA 1 U NA 5 U NA 1 U NA 5 U 10 U

o-Xylene ug/L 5 U 1 U 5 U 6.1 5 U 1 U 5 U 5 U 10 U

trans-1,2-Dichloroethene ug/L 5 U 1 U 5 U 5 U 5 U 1 U 1.5 J 5 U 10 U

Trichloroethene ug/L 2.4 J 1 U 5 U 7.3 26 5.6 240 170 200

Vinyl chloride ug/L 5 U 1 U 5 U 5 U 5 U 1 U 5 U 5 U 10 U

1,2,4-Trichlorobenzene ug/L NA NA NA NA NA NA NA NA NA

2,4-Dichlorophenol ug/L NA NA 4.8 U NA 4.8 U NA 0.7 J NA NA

4-Chloroaniline ug/L NA NA 9.5 U NA 9.5 U NA 9.5 U NA NA

Aniline ug/L NA NA NA NA NA NA NA NA NA

Naphthalene ug/L NA NA 4.8 U NA 4.8 U NA 4.8 U NA NA

Nitrobenzene ug/L NA NA 1 J NA 4.8 U NA 4.8 U NA NA

N-Nitrosodiphenylamine ug/L NA NA 4.8 U NA 4.8 U NA 0.42 J NA NA

Pentachlorophenol ug/L NA NA 9.5 U NA 9.5 U NA 9.5 U NA NA

Phenol ug/L NA NA 9.5 U NA 0.46 J NA 0.83 J NA NA

Pyridine ug/L NA NA NA NA NA NA NA NA NA

MW-201MADEP-MW-1 MW-104B

Semivolatiles

Volatiles

NH-4583-2019 U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed Nobis Engineering, Inc.



Table 2-1

HHRA Groundwater Sample Results

Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts

Page 2 of 2

Sample Location MW-04A MW-06B MW-701S

Sample ID MW-DEP-1-113015A MADEP-MW-1-111417A MW-04A-120115A MW-06B-111417A MW-104B-120215A MW-104B-111317A MW-201-120215A MW-201-111417A MW-701-050218A

Sample Date 11/30/15 11/14/17 12/01/15 11/14/17 12/02/15 11/13/17 12/02/15 11/14/17 05/02/18

Sample Type Units N N N N N N N N N

MW-201MADEP-MW-1 MW-104B

Calcium ug/L NA NA NA NA NA 130000 NA NA NA

Iron ug/L NA NA NA NA NA 18000 NA NA NA

Magnesium ug/L NA NA NA NA NA 2300 NA NA NA

Manganese ug/L NA NA NA NA NA 720 NA NA NA

Chloride mg/L 920 J NA 5.5 NA 12 17 360 NA NA

Nitrate mg/L 0.5 U NA 0.66 NA 0.05 U 0.023 U 0.05 U NA NA

Nitrate as Nitrogen mg/L NA NA 0.14 NA NA NA NA NA NA

Nitrite mg/L 0.5 U NA 0.05 U NA 0.05 U 0.045 0.05 U NA NA

Sulfate mg/L 23 NA 5.5 NA 340 290 210 NA NA

Total Organic Carbon mg/L NA NA NA NA NA 7.76 NA NA NA

Biologic Oxygen Demand, Five Day mg/L NA NA NA NA NA 12 NA NA NA

Dissolved Organic Carbon mg/L NA NA NA NA NA 6.12 NA NA NA

Dissolved Oxygen mg/L NA NA 0.2 0.13 0.46 0.07 0.29 0.21 0.69

Oxidation-Reduction Potential mV NA NA 69.4 23.8 -60.3 -63.4 88.9 214 -26.2

pH, Field S.U. NA NA 6.05 5.91 6.42 6.29 5.58 5.66 5.23

Specific Conductivity uS/cm NA NA 70 2483.3 802 839.93 1468 1612.2 1696

Temperature deg C NA NA 13.15 12.86 13.9 12.91 14.38 13.95 14.25

Turbidity NTU NA NA 3.03 9.93 1.96 7.03 4.2 4.99 3.23

Metals

General Chemistry

Other Analyses

Field Measurement

NH-4583-2019 U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed Nobis Engineering, Inc.
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SITE LOCUS PLAN

NYANZA CHEMICAL WASTE DUMP
SUPERFUND SITE - OPERABLE UNIT II
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FIGURE 3-1
CONCEPTUAL SITE MODEL

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT TECHNICAL MEMORANDUM 

ASHLAND, MASSACHUSETTS

Potential Primary Secondary Secondary Exposure Exposure Receptors Exposure
Primary Release Source Release Medium Point

Source Mechanisms Mechanisms

Ingestion Dermal Inhalation

Historical Shallow Groundwater Construction Workers x x

Manufacturing & Direct

Waste Discharge Trench Air Construction Workers x

Disposal

Note:
x = Quantitative analysis.

Routes

Leaching/ 
Dissolution of 

DNAPL 
GroundwaterSite Soil and 

Bedrock

figure 3-1 CW
Nobis Engineering, Inc.

7/25/2019
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TABLE A-2.1
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CONTAMINANTS OF POTENTIAL CONCERN - GROUNDWATER

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Scenario Timeframe: Future
Medium: Groundwater
Exposure Medium:  Shallow Groundwater

Exposure CAS Contaminant Minimum Maximum Units Location Detection Concentration Screening COPC Rationale for
Point Number  Concentration Concentration  of Maximum Frequency Used for Toxicity Value Flag Selection or

 Concentration Screening (N/C) (Y/N) Deletion
(1) (2)

Site 95501 1,2-Dichlorobenzene 1.1 450 µg/L MW-201-120215A 8/9 5.0 - 5.0 450 30 n YES ASL
87616 1,2,3-Trichlorobenzene 19 37 µg/L MW-201-120215A 3/9 1.0 - 5.0 37 0.70 n YES ASL
120821 1,2,4-Trichlorobenzene 6.0 160 µg/L MW-201-120215A 5/9 1.0 - 5.0 160 0.40 n YES ASL
541731 1,3-Dichlorobenzene 8.2 12 µg/L MW-201-120215A 2/9 1.0 - 10 12 NBA YES NBA
106467 1,4-Dichlorobenzene 1.4 98 µg/L MW-201-120215A 6/9 1.0 - 5.0 98 0.48 c YES ASL
78933 2-Butanone 35 35 µg/L MW-DEP-1-113015A 1/9 1.0 - 10 35 560 n NO BSL
120832 2,4-Dichlorophenol 0.70 0.70 µg/L MW-201-120215A 1/3 4.8 - 4.8 0.70 4.6 n NO BSL

67641 Acetone 3.4 170 µg/L MW-DEP-1-113015A 2/9 1.0 - 10 170 1400 n NO BSL
71432 Benzene 6.1 12 µg/L MW-06B-111417A 3/9 1.0 - 10 12 0.46 c YES ASL
108907 Chlorobenzene 7.7 380 µg/L MW-201-120215A 5/9 1.0 - 5.0 380 7.8 n YES ASL
156592 cis-1,2-Dichloroethene 6.2 180 µg/L MW-201-120215A 7/9 1.0 - 5.0 180 3.6 n YES ASL

1634044 Methyl tert-butyl ether 5.5 5.5 µg/L MW-06B-111417A 1/9 1.0 - 10 5.5 14 c NO BSL
98953 Nitrobenzene 1.0 1.0 µg/L MW-04A-120115A 1/3 4.8 - 4.8 1.0 0.14 c YES ASL
86306 N-Nitrosodiphenylamine 0.42 0.42 µg/L MW-201-120215A 1/3 4.8 - 4.8 0.42 12 c NO BSL
95476 o-Xylene 6.1 6.1 µg/L MW-06B-111417A 1/9 1.0 - 10 6.1 19 n NO BSL
108952 Phenol 0.46 0.83 µg/L MW-201-120215A 2/3 9.5 - 10 0.83 580 n NO BSL
156605 trans-1,2-Dichloroethene 1.5 2 µg/L MW-201-120215A 1/9 1.0 - 10 1.5 36 n NO BSL
79016 Trichloroethene 2.4 240 µg/L MW-201-120215A 7/9 1.0 - 5.0 240 0.28 n YES ASL

7440702 Calcium 130000 130000 µg/L MW-104B-111317A 1/1 NA 130000 NUT NO See text
7439896 Iron 18000 18000 µg/L MW-104B-111317A 1/1 NA 18000 1400 n YES ASL
7439954 Magnesium 2300 2300 µg/L MW-104B-111317A 1/1 NA 2300 NUT NO See text
7439965 Manganese 720 720 µg/L MW-104B-111317A 1/1 NA 720 43 n YES ASL

Notes/sources: NBA = no benchmark available.

(1)  Maximum detected concentration used for screening. ASL = above screening level.

(2)  Risk-based tapwater concentrations obtained from the Regional Screening Level (RSL) Table (November, 2019). BSL = below screening level.

c = cancer based screening value set at a target risk of 1E-06.

µg/L = micrograms per liter.

NA = not available.

n = noncancer based screening value set at a target hazard quotient of 0.1.

NUT = essential nutrient.

Range of
Detection

Limits

Nyanza OU2 - RAGS Table 2_woB11
Nobis Engineering, Inc. 

1/10/2020



TABLE A-2.2
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CONTAMINANTS OF POTENTIAL CONCERN - VAPOR INTRUSION EXPOSURE PATHWAY - GROUNDWATER

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Scenario Timeframe: Future
Medium: Groundwater
Exposure Medium:  Indoor Air

Exposure CAS Contaminant Minimum Maximum Units Location Detection Concentration Screening COPC Rationale for
Point Number Concentration Concentration of Maximum Frequency Used for Toxicity Value Flag Selection or

Concentration Screening (N/C) (Y/N) Deletion
(1) (2)

Site 95501 1,2-Dichlorobenzene 1.1 450 µg/L MW-201-120215A 8/9 5.0 - 5.0 450 266 n YES ASL
87616 1,2,3-Trichlorobenzene 19 37 µg/L MW-201-120215A 3/9 1.0 - 5.0 37 NBA YES NBA

120821 1,2,4-Trichlorobenzene 6.0 160 µg/L MW-201-120215A 5/9 1.0 - 5.0 160 3.6 n YES ASL
541731 1,3-Dichlorobenzene 8.2 12 µg/L MW-201-120215A 2/9 1.0 - 10 12 NBA YES NBA
106467 1,4-Dichlorobenzene 1.4 98 µg/L MW-201-120215A 6/9 1.0 - 5.0 98 2.6 c YES ASL
78933 2-Butanone 35 35 µg/L MW-DEP-1-113015A 1/9 1.0 - 10 35 224,000 n NO BSL
67641 Acetone 3.4 170 µg/L MW-DEP-1-113015A 2/9 1.0 - 10 170 2,250,000 n NO BSL
71432 Benzene 6.1 12 µg/L MW-06B-111417A 3/9 1.0 - 10 12 1.6 c YES ASL
108907 Chlorobenzene 7.7 380 µg/L MW-201-120215A 5/9 1.0 - 5.0 380 41 n YES ASL
156592 cis-1,2-Dichloroethene 6.2 180 µg/L MW-201-120215A 7/9 1.0 - 5.0 180 NBA YES NBA
1634044 Methyl tert-butyl ether 5.5 5.5 µg/L MW-06B-111417A 1/9 1.0 - 10 5.5 450 c NO BSL
98953 Nitrobenzene 1.0 1.0 µg/L MW-04A-120115A 1/3 4.8 - 4.8 1.0 72 c NO BSL
95476 o-Xylene 6.1 6.1 µg/L MW-06B-111417A 1/9 1.0 - 10 6.1 49 n NO BSL

156605 trans-1,2-Dichloroethene 1.5 1.5 µg/L MW-201-120215A 1/9 1.0 - 10 1.5 NBA YES NBA
79016 Trichloroethene 2.4 240 µg/L MW-201-120215A 7/9 1.0 - 5.0 240 0.52 n YES ASL

Notes/sources: NBA = no benchmark available.

ASL = above screening level.

BSL = below screening level.

(1) Maximum detected concentration used for screening.

(2) Screening toxicity value derived from the EPA Vapor Intrusion Screening Level (VISL) calculator based on the residential target 

groundwater concentration (December, 2019). c = cancer based screening value set at a target risk of 1E-06.

µg/L = micrograms per liter.

NA = not available.

n = noncancer based screening value set at a target hazard quotient of 0.1.

Range of
Detection

Limits

Nyanza OU2 - RAGS Table 2_woB11
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TABLE A-3.1
EXPOSURE POINT CONCENTRATION SUMMARY - GROUNDWATER

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Scenario Timeframe: Future
Medium: Groundwater
Exposure Medium: Shallow Groundwater

Exposure Point Contaminant of Units Arithmetic 95%  UCL Maximum Exposure Point Concentration
Potential Concern  Mean Concentration Value Units Statistic Rationale

Site 1,2-Dichlorobenzene µg/L 189 NC 450 450 µg/L Maximum See footnote
1,2,3-Trichlorobenzene µg/L 11 NC 37 37 µg/L Maximum See footnote
1,2,4-Trichlorobenzene µg/L 45 NC 160 160 µg/L Maximum See footnote
1,3-Dichlorobenzene µg/L 5.8 NC 12 12 µg/L Maximum See footnote
1,4-Dichlorobenzene µg/L 35 NC 98 98 µg/L Maximum See footnote
Benzene µg/L 6.0 NC 12 12 µg/L Maximum See footnote
Chlorobenzene µg/L 144 NC 380 380 µg/L Maximum See footnote
cis-1,2-Dichloroethene µg/L 85 NC 180 180 µg/L Maximum See footnote
Nitrobenzene µg/L 3.5 NC 1.0 1.0 µg/L Maximum See footnote
Trichloroethene µg/L 73 NC 240 240 µg/L Maximum See footnote
Iron µg/L 18000 NC 18000 18000 µg/L Maximum See footnote
Manganese µg/L 720 NC 720 720 µg/L Maximum See footnote

NC = Not calculated.

Note:  Maximum detected concentration used as the EPC because total samples were less than or equal to 10.  
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TABLE A-3.2
EXPOSURE POINT CONCENTRATION SUMMARY - SHALLOW GROUNDWATER - VAPORS IN CONSTRUCTION TRENCH

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Scenario Timeframe: Future
Medium: Groundwater
Exposure Medium: Shallow Groundwater/Trench Air

Maximum
Exposure Point Contaminant of Units Concentration Exposure Point Concentration (Cair)

Potential Concern  Trench Air

Value Units Rationale1

Shallow 1,2-Dichlorobenzene µg/L 450 3.0 mg/m3 Modeled from VDEQ gw VRP Table
Groundwater 1,2,3-Trichlorobenzene µg/L 37 0.22 mg/m3 Modeled from VDEQ gw VRP Table

1,2,4-Trichlorobenzene µg/L 160 1.0 mg/m3 Modeled from VDEQ gw VRP Table
1,3-Dichlorobenzene µg/L 12 NA mg/m3 Modeled from VDEQ gw VRP Table
1,4-Dichlorobenzene µg/L 98 0.66 mg/m3 Modeled from VDEQ gw VRP Table
Benzene µg/L 12 0.11 mg/m3 Modeled from VDEQ gw VRP Table
Chlorobenzene µg/L 380 2.9 mg/m3 Modeled from VDEQ gw VRP Table
cis-1,2-Dichloroethene µg/L 180 1.5 mg/m3 Modeled from VDEQ gw VRP Table
Nitrobenzene µg/L 1.0 0.0022 mg/m3 Modeled from VDEQ gw VRP Table

Trichloroethene µg/L 240 1.7 mg/m3
Modeled from VDEQ gw VRP Table

1Cair calculated from the Virginia Department of Environmental Quality (VDEQ) 2013 groundwater Voluntary Remediation Program (VRP) model.

Nyanza OU2 - RAGS Table 3_woB11
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TABLE A-5.1
NON-CANCER TOXICITY DATA -- ORAL/DERMAL

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Contaminant Chronic/ Oral Absorption Absorbed RfD Primary Combined
of  Potential Subchronic Oral RfD Efficiency for for Dermal (1) Target Uncertainty/Modifying RfD: Target Organ(s)

Concern Value Units Dermal (1) Value Units Organ(s) Factors Source(s) Dates (2)
1,2-Dichlorobenzene Chronic 9.00E-02 mg/kg-day 1.0 9.00E-02 mg/kg-day No adverse effects 1,000 IRIS 12/14/2018

1,2,3-Trichlorobenzene Chronic 8.00E-04 mg/kg-day 1.0 8.00E-04 mg/kg-day Hepatic, Body Weight, Thyroid 10,000 PPRTV 9/11/2009

1,2,4-Trichlorobenzene Chronic 1.00E-02 mg/kg-day 1.0 1.00E-02 mg/kg-day Endocrine 1,000 IRIS 12/14/2018

1,3-Dichlorobenzene --- NA --- --- NA --- --- --- --- ---

1,4-Dichlorobenzene Chronic 7.00E-02 mg/kg-day 1.0 7.00E-02 mg/kg-day Hepatic 100 ATSDR 6/4/2019

4-Chloroaniline Chronic 4.00E-03 mg/kg-day 1.0 4.00E-03 mg/kg-day Immune System 3,000 IRIS 12/14/2018

Aniline Chronic 7.00E-03 mg/kg-day 1.0 7.00E-03 mg/kg-day Hematologic 1,000 PPRTV 5/23/2007

Benzene Chronic 4.00E-03 mg/kg-day 1.0 4.00E-03 mg/kg-day Immune System 300 IRIS 12/14/2018

Chlorobenzene Chronic 2.00E-02 mg/kg-day 1.0 2.00E-02 mg/kg-day Hepatic 1,000 IRIS 12/14/2018

cis-1,2-Dichloroethene Chronic 2.00E-03 mg/kg-day 1.0 2.00E-03 mg/kg-day Urinary 3,000 IRIS 12/14/2018

Naphthalene Chronic 2.00E-02 mg/kg-day 1.0 2.00E-02 mg/kg-day Body Weight 3,000 IRIS 12/14/2018

Nitrobenzene Chronic 2.00E-03 mg/kg-day 1.0 2.00E-03 mg/kg-day Hematologic 1,000 IRIS 12/14/2018

Pentachlorophenol Chronic 5.00E-03 mg/kg-day 1.0 5.00E-03 mg/kg-day Hepatic 300 IRIS 12/14/2018

Pyridine Chronic 1.00E-03 mg/kg-day 1.0 1.00E-03 mg/kg-day Hepatic 1,000 IRIS 12/14/2018

Trichloroethene Chronic 5.00E-04 mg/kg-day 1.0 5.00E-04 mg/kg-day Developmental, Immune System Multiple IRIS 12/14/2018

Vinyl chloride Chronic 3.00E-03 mg/kg-day 1.0 3.00E-03 mg/kg-day Hepatic 30 IRIS 12/14/2018

Iron Chronic 7.00E-01 mg/kg-day 1.0 7.00E-01 mg/kg-day Gastrointestional Tract 1.5 PPRTV 9/11/2006
Manganese Chronic 2.40E-02 mg/kg-day 0.040 9.60E-04 mg/kg-day Nervous System 3.0 IRIS 12/14/2018

(1)  Source: RAGS Part E Guidance. Definitions: ATSDR = Agency for Toxic Substances and Disease Registry.

(2)  Represents date source was searched. IRIS = Integrated Risk Information System.

NA = Not available.

PPRTV = Provisional Peer-Reviewed Toxicity Value (EPA, various dates).

RSL = Regional Screening Level.

Nyanza OU2 - RAGS Table 5.1 Page 1
Nobis Engineering, Inc.

7/22/2019



TABLE A-5.2
NON-CANCER TOXICITY DATA -- INHALATION

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Contaminant Primary Combined

of  Potential Chronic/ Inhalation RfC Target Uncertainty/Modifying RfC: Target Organ(s)
Concern Subchronic Value Units Organ(s) Factors Source(s) Dates (1)

1,2-Dichlorobenzene Chronic 2.00E-01 mg/m^3 Body Weight 1,000 HEAST 1997

1,2,3-Trichlorobenzene --- NA --- --- --- --- ---

1,2,4-Trichlorobenzene Chronic 2.00E-03 mg/m^3 Urinary 3,000 PPRTV 6/16/2009

1,3-Dichlorobenzene --- NA --- --- --- --- ---

1,4-Dichlorobenzene Chronic 8.00E-01 mg/m^3 Hepatic 100 IRIS 12/14/2018

Benzene Chronic 3.00E-02 mg/m^3 Immune System 300 IRIS 12/14/2018

Chlorobenzene Chronic 5.00E-02 mg/m^3 Hepatic, Kidney 1,000 PPRTV 10/12/2006

cis-1,2-Dichloroethene --- NA --- --- --- --- ---

Naphthalene Chronic 3.00E-03 mg/m^3 Nervous System, Respiratory System 3,000 IRIS 12/14/2018

Nitrobenzene Chronic 9.00E-03 mg/m^3 Nervous System, Respiratory System 30 IRIS 12/14/2018

Pyridine --- NA --- --- --- --- ---

Trichloroethene Chronic 2.00E-03 mg/m^3 Developmental, Immune System Multiple IRIS 12/14/2018
Vinyl chloride Chronic 1.00E-01 mg/m^3 Hepatic 30 IRIS 12/14/2018

Definitions: HEAST = Health Effects Assessment Summary Tables

IRIS = Integrated Risk Information System.

NA = Not available.

PPRTV = Provisional Peer-Reviewed Toxicity Value (EPA, various dates)

RSL = Regional Screening Level.

(1)  Represents date source was searched.

Nyanza OU2 - RAGS Table 5.2
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TABLE A-6.1
CANCER TOXICITY DATA -- ORAL/DERMAL

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Contaminant Oral Cancer Oral Absorption Weight of Evidence/

of Potential Slope Factor Efficiency for Dermal Cancer Guideline Oral CSF
Concern Value Units (1) Value Units Description Source(s) Dates (2)

1,2-Dichlorobenzene NA --- --- NA --- --- --- ---

1,2,3-Trichlorobenzene NA --- --- NA --- --- --- ---

1,2,4-Trichlorobenzene 2.90E-02 (mg/kg-day)^-1 1.0 2.90E-02 (mg/kg-day)^-1 D PPRTV 6/16/2009

1,3-Dichlorobenzene NA --- --- NA --- --- --- ---

1,4-Dichlorobenzene 5.40E-03 (mg/kg-day)^-1 1.0 5.40E-03 (mg/kg-day)^-1 Not assessed under IRIS CalEPA 6/4/2019

4-Chloroaniline 2.00E-01 (mg/kg-day)^-1 1.0 2.00E-01 (mg/kg-day)^-1 Not assessed under IRIS PPRTV 9/30/2008

Aniline 5.70E-03 (mg/kg-day)^-1 1.0 5.70E-03 (mg/kg-day)^-1 B2 IRIS 12/14/2018

Benzene 5.50E-02 (mg/kg-day)^-1 1.0 5.50E-02 (mg/kg-day)^-1 A IRIS 12/14/2018

Chlorobenzene NA --- --- NA --- --- --- ---

cis-1,2-Dichloroethene NA --- --- NA --- --- --- ---

Naphthalene NA --- --- NA --- --- --- ---

Nitrobenzene NA --- --- NA --- --- --- ---

Pentachlorophenol 4.00E-01 (mg/kg-day)^-1 1.0 4.00E-01 (mg/kg-day)^-1 B1 IRIS 12/14/2018

Pyridine NA --- --- NA --- --- --- ---

Trichloroethene 4.60E-02 (mg/kg-day)^-1 1.0 4.60E-02 (mg/kg-day)^-1 A IRIS 12/14/2018

Vinyl chloride 7.20E-01 (mg/kg-day)^-1 1.0 7.20E-01 (mg/kg-day)^-1 A IRIS 12/14/2018

Iron NA --- --- NA --- --- --- ---

Manganese NA --- --- NA --- --- --- ---

(1)  Source: RAGS Part E Guidance. Definitions: CalEPA = California Environmental Protection Agency.

IRIS = Integrated Risk Information System.

NA = Not available.

PPRTV = Provisional Peer-Reviewed Toxicity Value (EPA, various dates).

RSL = Regional Screening Level.

A - Human carcinogen.

B1 - Probable human carcinogen - indicates that limited human data are available.

B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

          inadequate or no evidence in humans.

D - Not classifiable as a human carcinogen.

(2)  Represents date source was searched.

Absorbed Cancer Slope

Factor for Dermal (1)

Nyanza OU2 - RAGS Table 6.1
Nobis Engineering, Inc.
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TABLE A-6.2
CANCER TOXICITY DATA -- INHALATION

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Contaminant Weight of Evidence/

of Potential Unit Risk Cancer Guideline Unit Risk: Inhalation CSF
Concern Value Units Description Source(s) Dates (1)

1,2-Dichlorobenzene NA --- --- --- ---

1,2,3-Trichlorobenzene NA --- --- --- ---

1,2,4-Trichlorobenzene NA --- --- --- ---

1,3-Dichlorobenzene NA --- --- --- ---

1,4-Dichlorobenzene 1.10E-05 (µg/m3)-1 Not assessed under IRIS CalEPA 6/4/2019

4-Chloroaniline NA --- --- --- ---

Benzene 7.80E-06 (µg/m3)-1 A IRIS 12/14/2018

Chlorobenzene NA --- --- --- ---

cis-1,2-Dichloroethene NA --- --- --- ---

Naphthalene 3.40E-05 (µg/m3)-1 Cancer Guideline CalEPA 6/4/2019

Nitrobenzene 4.00E-05 (µg/m3)-1 B1 IRIS 12/14/2018

Pyridine NA --- --- --- ---

Trichloroethene 4.10E-06 (µg/m3)-1 A IRIS 12/14/2018

Vinyl chloride 4.40E-06 (µg/m3)-1
A IRIS 12/14/2018

Definitions: CalEPA = California Environmental Protection Agency.

IRIS = Integrated Risk Information System.

NA = Not available.

RSL = Regional Screening Level.

A - Human carcinogen.

B1 - Probable human carcinogen - indicates that limited human data are available.

B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

         inadequate or no evidence in humans. 

C - Possible human carcinogen.

(1)  Represents date source was searched.

Nyanza OU2 - RAGS Table 6.2
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TABLE A-7.1
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - CONSTRUCTION WORKER - SHALLOW GROUNDWATER EXPOSURE

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Scenario Timeframe: Future
Receptor Population: Construction Worker
Receptor Age: Adult

Medium Exposure Exposure Point Exposure Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Medium Route Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Intake/Exposure Concentration RfD/RfC

Value Units Value Units Risk Value Units Value Units

Groundwater Groundwater Shallow Groundwater Ingestion 1,2-Dichlorobenzene 4.50E+02 µg/L 1.4E-06 mg/kg-day NA --- NA 1.0E-04 mg/kg-day 9.0E-02 mg/kg-day 0.0011
in construction 1,2,3-Trichlorobenzene 3.70E+01 µg/L 1.2E-07 mg/kg-day NA --- NA 8.2E-06 mg/kg-day 8.0E-04 mg/kg-day 0.010

trenches 1,2,4-Trichlorobenzene 1.60E+02 µg/L 5.1E-07 mg/kg-day 2.9E-02 (mg/kg-day)^-1 1.5E-08 3.6E-05 mg/kg-day 1.0E-02 mg/kg-day 0.0036
1,3-Dichlorobenzene 1.20E+01 µg/L 3.8E-08 mg/kg-day NA --- NA 2.7E-06 mg/kg-day NA --- NA
1,4-Dichlorobenzene 9.80E+01 µg/L 3.1E-07 mg/kg-day 5.4E-03 (mg/kg-day)^-1 1.7E-09 2.2E-05 mg/kg-day 7.0E-02 mg/kg-day 0.00031
Benzene 1.20E+01 µg/L 3.8E-08 mg/kg-day 5.5E-02 (mg/kg-day)^-1 2.1E-09 2.7E-06 mg/kg-day 4.0E-03 mg/kg-day 0.00067
Chlorobenzene 3.80E+02 µg/L 1.2E-06 mg/kg-day NA --- NA 8.5E-05 mg/kg-day 2.0E-02 mg/kg-day 0.0042
cis-1,2-Dichloroethene 1.80E+02 µg/L 5.7E-07 mg/kg-day NA --- NA 4.0E-05 mg/kg-day 2.0E-03 mg/kg-day 0.020
Nitrobenzene 1.00E+00 µg/L 3.2E-09 mg/kg-day NA --- NA 2.2E-07 mg/kg-day 2.0E-03 mg/kg-day 0.00011
Trichloroethene 2.40E+02 µg/L 7.6E-07 mg/kg-day 4.6E-02 (mg/kg-day)^-1 3.5E-08 5.3E-05 mg/kg-day 5.0E-04 mg/kg-day 0.11
Iron 1.80E+04 µg/L 5.7E-05 mg/kg-day NA --- NA 4.0E-03 mg/kg-day 7.0E-01 mg/kg-day 0.0057
Manganese 7.20E+02 µg/L 2.3E-06 mg/kg-day NA --- NA 1.6E-04 mg/kg-day 2.4E-02 mg/kg-day 0.0067

5.4E-08 0.16
Total Trench Groundwater Ingestion 5.4E-08 0.16
Shallow Groundwater Dermal 1,2-Dichlorobenzene 4.50E+02 µg/L 4.4E-05 mg/kg-day NA --- NA 3.1E-03 mg/kg-day 9.0E-02 mg/kg-day 0.034

in construction 1,2,3-Trichlorobenzene 3.70E+01 µg/L 6.8E-06 mg/kg-day NA --- NA 4.8E-04 mg/kg-day 8.0E-04 mg/kg-day 0.60
trenches 1,2,4-Trichlorobenzene 1.60E+02 µg/L 2.8E-05 mg/kg-day 2.9E-02 (mg/kg-day)^-1 8.1E-07 2.0E-03 mg/kg-day 1.0E-02 mg/kg-day 0.20

1,3-Dichlorobenzene 1.20E+01 µg/L NA --- NA --- NA NA --- NA --- NA
1,4-Dichlorobenzene 9.80E+01 µg/L 9.7E-06 mg/kg-day 5.4E-03 (mg/kg-day)^-1 5.2E-08 6.8E-04 mg/kg-day 7.0E-02 mg/kg-day 0.010
Benzene 1.20E+01 µg/L 3.4E-07 mg/kg-day 5.5E-02 (mg/kg-day)^-1 1.9E-08 2.4E-05 mg/kg-day 4.0E-03 mg/kg-day 0.0060
Chlorobenzene 3.80E+02 µg/L 2.2E-05 mg/kg-day NA --- NA 1.5E-03 mg/kg-day 2.0E-02 mg/kg-day 0.075
cis-1,2-Dichloroethene 1.80E+02 µg/L 3.8E-06 mg/kg-day NA --- NA 2.7E-04 mg/kg-day 2.0E-03 mg/kg-day 0.13
Nitrobenzene 1.00E+00 µg/L 1.1E-08 mg/kg-day NA --- NA 7.6E-07 mg/kg-day 2.0E-03 mg/kg-day 0.00038

Trichloroethene 2.40E+02 µg/L 5.7E-06 mg/kg-day 4.6E-02 (mg/kg-day)^-1 2.6E-07 4.0E-04 mg/kg-day 5.0E-04 mg/kg-day 0.80

Iron 1.80E+04 µg/L 3.2E-05 mg/kg-day NA --- NA 2.2E-03 mg/kg-day 7.0E-01 mg/kg-day 0.0032
Manganese 7.20E+02 µg/L 1.3E-06 mg/kg-day NA --- NA 8.9E-05 mg/kg-day 9.6E-04 mg/kg-day 0.093

1.1E-06 1.9

Total Trench Groundwater 1.1E-06 1.9
Vapors Inhalation 1,2-Dichlorobenzene 3.01E+00 mg/m3 5.1E-03 mg/m3 NA --- NA 3.6E-01 mg/m3 2.0E-01 mg/m^3 1.8

in construction 1,2,3-Trichlorobenzene 2.20E-01 mg/m3 3.7E-04 mg/m3 NA --- NA 2.6E-02 mg/m3 NA --- NA
trenches 1,2,4-Trichlorobenzene 9.56E-01 mg/m3 1.6E-03 mg/m3 NA --- NA 1.1E-01 mg/m3 2.0E-03 mg/m^3 57

1,3-Dichlorobenzene NA mg/m3 NA mg/m3 NA --- NA NA mg/m3 NA --- NA
1,4-Dichlorobenzene 6.60E-01 mg/m3 1.1E-03 mg/m3 1.1E-05 (µg/m^3)^-1 1.2E-05 7.8E-02 mg/m3 8.0E-01 mg/m^3 0.10
Benzene 1.12E-01 mg/m3 1.9E-04 mg/m3 7.8E-06 (µg/m^3)^-1 1.5E-06 1.3E-02 mg/m3 3.0E-02 mg/m^3 0.44
Chlorobenzene 2.94E+00 mg/m3 5.0E-03 mg/m3 NA --- NA 3.5E-01 mg/m3 5.0E-02 mg/m^3 7.0
cis-1,2-Dichloroethene 1.50E+00 mg/m3 2.6E-03 mg/m3 NA --- NA 1.8E-01 mg/m3 NA --- NA
Nitrobenzene 2.23E-03 mg/m4 3.8E-06 mg/m3 4.0E-05 (µg/m^3)^-1 1.5E-07 2.7E-04 mg/m3 9.0E-03 mg/m^3 0.029
Trichloroethene 1.74E+00 mg/m3 3.0E-03 mg/m3 4.1E-06 (µg/m^3)^-1 1.2E-05 2.1E-01 mg/m3 2.0E-03 mg/m^3 103

2.6E-05 169
Total Trench Vapor 2.6E-05 169

2.7E-05 171Shallow Groundwater Total

Hazard 
Quotient

Dermal Total

Inhalation Total

Ingestion Total

Nyanza OU2 - RAGS Table 7_woB11
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TABLE A-9.1
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS - SHALLOW GROUNDWATER - CONSTRUCTION WORKER

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Scenario Timeframe: Future
Receptor Population: Construction Worker
Receptor Age: Adult

 
Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential
Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total
Groundwater Groundwater Shallow Groundwater 1,2-Dichlorobenzene --- --- --- --- No adverse effects 0.0011 --- 0.034 0.035

in construction 1,2,3-Trichlorobenzene --- --- --- --- Hepatic, Body Weight, Thyroid 0.010 --- 0.60 0.61
trenches 1,2,4-Trichlorobenzene 1.5E-08 --- 8.1E-07 8.3E-07 Endocrine 0.0036 --- 0.20 0.20

1,3-Dichlorobenzene --- --- --- --- --- --- --- --- ---
1,4-Dichlorobenzene 1.7E-09 --- 5.2E-08 5.4E-08 Hepatic 0.00031 --- 0.010 0.010
Benzene 2.1E-09 --- 1.9E-08 2.1E-08 Immune System 0.00067 --- 0.0060 0.0066
Chlorobenzene --- --- --- --- Hepatic 0.0042 --- 0.075 0.080
cis-1,2-Dichloroethene --- --- --- --- Urinary 0.020 --- 0.13 0.15
Nitrobenzene --- --- --- --- Hematologic 0.00011 --- 0.00038 0.00049
Trichloroethene 3.5E-08 --- 2.6E-07 3.0E-07 Developmental, Immune System 0.11 --- 0.80 0.90
Iron --- --- --- --- Gastrointestional Tract 0.0057 --- 0.0032 0.0089
Manganese --- --- --- --- Nervous System 0.0067 --- 0.093 0.099
Chemical Total 5.4E-08 --- 1.1E-06 1.2E-06 0.16 --- 1.9 2.1

Total Trench Groundwater 1.2E-06 2.1
Vapors 1,2-Dichlorobenzene --- --- --- --- Body Weight --- 1.8 --- 1.8

in construction 1,2,3-Trichlorobenzene --- --- --- --- --- --- --- --- ---
trenches 1,2,4-Trichlorobenzene --- --- --- --- Urinary --- 57 --- 57

1,3-Dichlorobenzene --- --- --- --- --- --- --- --- ---
1,4-Dichlorobenzene --- 1.2E-05 --- 1.2E-05 Hepatic --- 0.10 --- 0.10
Benzene --- 1.5E-06 --- 1.5E-06 Immune System --- 0.44 --- 0.44
Chlorobenzene --- --- --- --- Hepatic, Kidney --- 7.0 --- 7.0
cis-1,2-Dichloroethene --- --- --- --- --- --- --- --- ---
Nitrobenzene --- 1.5E-07 --- 1.5E-07 Nervous System, Respiratory System --- 0.029 --- 0.029
Trichloroethene --- 1.2E-05 --- 1.2E-05 Developmental, Immune System --- 103 --- 103
Chemical Total --- 2.6E-05 --- 2.6E-05 --- 169 --- 169

Total Trench Vapor 2.6E-05 169

2.7E-05 172

 Total Risk Across All Media  2.7E-05 Total Hazard Across All Media  172

Site Shallow Groundwater Total

Nyanza OU2 - RAGS Table 9_woB11
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TABLE A-9.1
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS - SHALLOW GROUNDWATER - CONSTRUCTION WORKER

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Scenario Timeframe: Future
Receptor Population: Construction Worker
Receptor Age: Adult

 
Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential
Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

 2.7E-05 172

Total Developmental HI Across All Media  104

Total Hepatic HI Across All Media  7.8

Total Nervous System HI Across All Media  0.13

Total Hematologic HI Across All Media  0.00049

Total Gastrointestional HI Across All Media  0.0089

Total Body Weight HI Across All Media  2.4

Total Kidney HI Across All Media 7.0

Total Respiratory HI Across All Media 0.029

Total Endocrine HI Across All Media  0.20

Total Thyroid HI Across All Media 0.61

Total Urinary HI Across All Media  57

Total Immune System HI Across All Media  105

Total Risk Across All Media  Total Hazard Across All Media  

Nyanza OU2 - RAGS Table 9_woB11
Nobis Engineering, Inc.

7/17/2019
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TABLE A-10.1
RISK SUMMARY - SHALLOW GROUNDWATER - CONSTRUCTION WORKER
OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE

ASHLAND, MASSACHUSETTS
Scenario Timeframe: Future
Receptor Population: Construction Worker
Receptor Age: Adult

 
Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential
Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total
Groundwater Groundwater Shallow Groundwater 1,2-Dichlorobenzene --- --- --- --- No adverse effects 0.0011 --- 0.034 0.035

in construction 1,2,4-Trichlorobenzene --- --- --- --- Endocrine 0.0036 --- 0.20 0.20
trenches 1,4-Dichlorobenzene 1.7E-09 --- 5.2E-08 5.4E-08 --- --- --- --- ---

Benzene 2.1E-09 --- 1.9E-08 2.1E-08 --- --- --- --- ---
Chlorobenzene --- --- --- --- Hepatic 0.0042 --- 0.075 0.080
Nitrobenzene --- --- --- --- --- --- --- --- ---
Trichloroethene 3.5E-08 --- 2.6E-07 3.0E-07 Developmental, Immune System 0.11 --- 0.80 0.90
Chemical Total 3.9E-08 --- 3.3E-07 3.7E-07 0.12 --- 1.1 1.2

Total Trench Groundwater 3.7E-07 1.2
Vapors 1,2-Dichlorobenzene --- --- --- --- Body Weight --- 1.8 --- 1.8

in construction 1,2,4-Trichlorobenzene --- --- --- --- Urinary --- 57 --- 57
trenches 1,4-Dichlorobenzene --- 1.2E-05 --- 1.2E-05 --- --- --- --- ---

Benzene --- 1.5E-06 --- 1.5E-06 --- --- --- --- ---
Chlorobenzene --- --- --- --- Hepatic, Kidney --- 7.0 --- 7.0
Nitrobenzene --- --- --- --- --- --- --- --- ---
Trichloroethene --- 1.2E-05 --- 1.2E-05 Developmental, Immune System --- 103 --- 103
Chemical Total --- 2.6E-05 --- 2.6E-05 --- 169 --- 169

Total Trench Vapor 2.6E-05 169

2.6E-05 170

 Total Risk Across All Media  2.6E-05 Total Hazard Across All Media  170

Site Shallow Groundwater Total

Nyanza OU2 - RAGS Table 10_woB11
Nobis Engineering, Inc.
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TABLE B-1
SAMPLE LIST

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

Matrix Medium Location Collected Sample_ID Type Start Depth (ft) End Depth (ft) Geologic Unit Code
11/30/2015 MW-DEP-1-113015A N 10 15 OB
11/14/2017 MADEP-MW-1-111417A N 10 15 OB

MW-04A 12/1/2015 MW-04A-120115A N 4 24 OB
MW-06B 11/14/2017 MW-06B-111417A N 8 18 OB

12/2/2015 MW-104B-120215A N 10 15 OB
11/13/2017 MW-104B-111317A N 10 15 OB
12/2/2015 MW-201-120215A N 15 20 OB

11/14/2017 MW-201-111417A N 15 20 OB
MW-701S 5/2/2018 MW-701-050218A N 5 15 OB

GW=Groundwater
N=Normal
OB=Overburden

GW GW MADEP-MW-1

MW-104B

MW-201
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TABLE C-1
CALCULATION OF Cair FROM VAPOR IN CONSTRUCTION TRENCH MODEL
OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE

ASHLAND, MASSACHUSETTS

Gas-Phase Liquid-Phase Overall Concentration Concentration Concentration
Molecular Henry's Law Mass Transfer Mass Transfer Mass Transfer of Contaminant Volatilization of Contaminant of Contaminant

Groundwater CAS No. Weight Constant Coefficient Coefficient Coefficient in Groundwater Factor in Trench Air in Trench Air
COPC MWi Hi KiG KiL Ki Cgw VF Cair Cair

(g/mol) (atm-m3/mol) (cm/s) (cm/s) (cm/s) (µg/L) (L/m3) (µg/m3) (mg/m3)

1,2-Dichlorobenzene 95501 147.00 1.92E-03 4.12E-01 9.33E-04 9.07E-04 4.50E+02 6.70E+00 3.01E+03 3.01E+00
1,2,3-Trichlorobenzene 87616 181.45 1.25E-03 3.84E-01 8.40E-04 8.05E-04 3.70E+01 5.95E+00 2.20E+02 2.20E-01
1,2,4-Trichlorobenzene 120821 181.45 1.42E-03 3.84E-01 8.40E-04 8.09E-04 1.60E+02 5.98E+00 9.56E+02 9.56E-01
1,3-Dichlorobenzene 541731 NA NA NA NA NA 1.20E+01 NA NA NA
1,4-Dichlorobenzene 106467 147.00 2.41E-03 4.12E-01 9.33E-04 9.12E-04 9.80E+01 6.73E+00 6.60E+02 6.60E-01
Benzene 71432 78.12 5.55E-03 5.09E-01 1.28E-03 1.27E-03 1.20E+01 9.35E+00 1.12E+02 1.12E-01
Chlorobenzene 108907 112.56 3.11E-03 4.51E-01 1.07E-03 1.05E-03 3.80E+02 7.73E+00 2.94E+03 2.94E+00
cis-1,2-Dichloroethene 156592 96.94 4.08E-03 4.74E-01 1.15E-03 1.13E-03 1.80E+02 8.36E+00 1.50E+03 1.50E+00
Nitrobenzene 98953 123.11 2.40E-05 4.37E-01 1.02E-03 3.02E-04 1.00E+00 2.23E+00 2.23E+00 2.23E-03
Trichloroethene 79016 131.39 9.85E-03 4.28E-01 9.87E-04 9.81E-04 2.40E+02 7.24E+00 1.74E+03 1.74E+00

Source: Model obtained from Virginia Department of Environmental Quality (VDEQ), 2013 Voluntary Remediation Program (VRP) for groundwater less than 15 feet.

Nyanza - Cair_woB11
Nobis Engineering, Inc.

7/22/2019
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TABLE D-1
DERMALLY ABSORBED DOSE PER EVENT (DAevent) CALCULATIONSa - GROUND WATER

OPERABLE UNIT II - NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE
ASHLAND, MASSACHUSETTS

EPCb FA Kp τevent B t* Daevent

COPC (µg/L) (mg/cm3) (unitless) (cm/hr) (hr/event) (unitless) (hr) (mg/cm2-event)

1,2-Dichlorobenzene 4.50E+02 4.50E-04 1.0 4.46E-02 7.00E-01 2.08E-01 1.68E+00 1.98E-04

1,2,3-Trichlorobenzene 3.70E+01 3.70E-05 1.0 7.38E-02 1.09E+00 3.82E-01 2.62E+00 3.10E-05
1,2,4-Trichlorobenzene 1.60E+02 1.60E-04 1.0 7.05E-02 1.09E+00 3.65E-01 2.62E+00 1.27E-04
1,3-Dichlorobenzene 1.20E+01 1.20E-05 NA NA NA NA NA NA

1,4-Dichlorobenzene 9.80E+01 9.80E-05 1.0 4.53E-02 7.00E-01 2.11E-01 1.68E+00 4.39E-05
Benzene 1.20E+01 1.20E-05 1.0 1.49E-02 2.88E-01 5.07E-02 6.91E-01 1.55E-06
Chlorobenzene 3.80E+02 3.80E-04 1.0 2.82E-02 4.49E-01 1.15E-01 1.08E+00 9.77E-05
cis-1,2-Dichloroethene 1.80E+02 1.80E-04 1.0 1.10E-02 3.67E-01 4.17E-02 8.81E-01 1.74E-05
Nitrobenzene 1.00E+00 1.00E-06 1.0 5.41E-03 5.14E-01 2.31E-02 1.23E+00 4.91E-08

Trichloroethene 2.40E+02 2.40E-04 1.0 1.16E-02 5.72E-01 5.11E-02 1.37E+00 2.58E-05
Iron 1.80E+04 1.80E-02 1.0 1.00E-03 2.16E-01 2.87E-03 5.19E-01 1.44E-04
Manganese 7.20E+02 7.20E-04 1.0 1.00E-03 2.14E-01 2.85E-03 5.13E-01 5.76E-06

a EPA, 2004.
b See Table A-3.1.
B = Ratio of the permeability coefficient of a COPC through the stratum corneum relative to its permeability coefficient across the viable epidermis.
FA = Fraction absorbed.
Kp = Dermal permeability coefficient.
τevent = Lag time per event.

t* = Time to reach steady-state.
EPC = Exposure Point Concentration

Nyanza OU2 - Dermal Contact_woB11
Nobis Engineering, Inc.

7/22/2019



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

Region 1 

5 Post Office Square, Suite 100 

BOSTON, MA  02109-3912 

Date: August 20, 2019 
From: Courtney Carroll 
To: Lisa Thuot  

Subject: Vapor intrusion (VI) screening of groundwater VOC concentrations for Nyanza OU2 

Per request, please find in this memorandum a screening of groundwater data for the vapor intrusion 
exposure pathway for the Nyanza NPL site. This screening is performed using groundwater data 
collected for the feasibility study for OU2 at the Site, which Nobis summarized into a RAGs D Table (see 
Table A-2.2, in Appendix A of the HHRA, in this Appendix (B) of the January 2020 Feasibility Study 
Report).  

EPA’s risk-based Vapor Intrusion Screening Levels (VISLs) are obtained using the EPA online VISL 
calculator. VISLs are calculated for chemicals with cancer and non-cancer effects, following EPA 
Superfund guidance and using available toxicity values, standard risk methodology and standard 
defaults, as well as site-specific exposure values. The VISL calculator uses the same database as the EPA 
Regional Screening Levels (RSLs) for toxicity values and physiochemical parameters and is automatically 
updated during the semi-annual RSL updates. The VISL calculator, along with a User’s Guide, can be 
found at https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator. 

Groundwater screening levels were developed for both a resident and a commercial worker. The 
standard default commercial/industrial exposure is 8 hours/day for 250 days/year for 25 years, while for 
resident the standard default exposure is 24 hours/day for 350 days/year for 26 years. The VISL 
calculator allows for the use of site-specific parameters as well as default values. A site-specific 
groundwater temperature of 15℃ was selected rather the default of 25℃, based on groundwater data 
collected for the Site. Additionally, based on the geologic conditions, a site-specific attenuation factor of 
0.0005 was chosen, rather than the default value of 0.001. A separate memo, which provides the 
rationale for selecting these site-specific values, is found in Appendix C of the January 2020 Feasibility 
Study Report.  

The screening levels for the residential and commercial scenarios are based on the conservative target 
cancer risk level of 1E-06 or non-cancer hazard quotient (HQ) of 0.1 as the point of departure, with the 
lower value being used when there are both cancer and non-cancer screening levels. For this evaluation, 
the non-cancer VISLs were developed based on an HQ of 0.1 to account for a cumulative effect from 
multiple non-carcinogens.  

Screening of groundwater data: 

The maximum concentrations of VOCs in groundwater were compared against their respective risk-
based groundwater VISLs for the residential and commercial scenarios, and the results are shown in 
Table 1 below.  Compounds with maximum concentrations exceeding the residential VISLs include 1,2,4-

https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator


trichlorobenzene, 1,4-dichlorobenzene, benzene, chlorobenzene, and trichloroethylene (TCE). For the 
commercial worker, compounds with maximum concentrations exceeding the VISLs include 1,2,4-
trichlorobenzene, 1,4-dichlorobenzene, benzene, chlorobenzene and TCE. A few of the compounds 
reported do not have VISLs including 1,2,3-trichlorobezene, 1,3-dichlorobenzene, cis-1,2-
dichloroethylene, and trans-1,2-dichloroethylene.  

For a resident, the majority of VISL exceedances would not result in an unacceptable risk if there were a 
complete VI pathway; however, maximum detections for 1,2,4-trichlorobenzene and TCE would result in 
an HI greater than 1, which is above the EPA acceptable level. For the commercial worker, only the 
maximum detection of TCE would result in an HI greater than EPA’s acceptable level of 1 if a complete VI 
pathway formed.  (Calculated, site-specific VISLs, along with calculation parameters, for a resident and 
for a commercial worker are attached.) 

Table 1 – Groundwater Screening 

Chlorinated VOCs  Max groundwater 
concentration (µg/L)  

Residential Risk-
based 

Groundwater 
VISL (µg/L)  

Commercial Risk-
based 

Groundwater 
VISL (µg/L)  

1,2-dichlorobenzene 450 5.00E+02 (NC) 2.10E+03 (NC) 

1,2,3-trichlorobenzene 37 NA NA 

1,2,4-trichlorobenzene 160 7.52E+00 (NC) 1.51E+01 (NC) 

1,3-dichlorobenzene 12 NA NA 

1,4-dichlorobenzene 98 4.88E+00 (C) 2.13E+01 (C) 

2-butanone 35 2.24E+05 (NC) 1.48E+06 (NC) 

Acetone 170 3.37E+06 (NC) 1.42E+07 (NC) 

Benzene 12 2.46E+00 (C) 1.07E+01 (C) 

Chlorobenzene 380 7.02E+01 (NC) 2.95E+02 (NC) 

Cis-1,2-dichloroethylene 180 NA NA 

Methyl tert-butyl ether  5.5 6.64E+02 (C) 2.90E+03 (C) 

Nitrobenzene 1.0 1.51E+02 (C) 6.59E+02 (C) 

O-xylene 6.1 8.73E+01 (NC) 3.67E+02 (NC) 

Trans-1,2-
dichloroethylene 

1.5 NA NA 

Trichloroethylene (TCE)  240 8.15E-01 (NC) 3.42E+00 (NC) 

 C = toxicity basis is cancer health effects 
NC = toxicity basis is non-cancer health effects 



 

Discussion: 

The purpose of a screening using groundwater VISLs is to assess whether a source may exist for a 

potential VI pathway. If VOCs are detected above the risk-based groundwater VISLs, this may indicate a 

potential source in the groundwater, which could lead to VI exposure if a complete pathway is formed. 

This screening of groundwater data collected for Nyanza OU2 found several VOCs with levels above the 

residential and commercial groundwater VISLs, however the EPA vapor intrusion guidance, which can be 

found at https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator-user-

guide, recommends using multiple lines of evidence to establish whether there is potential for exposure 

via the vapor intrusion pathway. Further lines of evidence may include sub-slab soil gas data as well as 

indoor air data. Ultimately, more data would be needed to determine whether there is potential for a VI 

pathway to form at Nyanza OU2. 

https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator-user-guide
https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator-user-guide


Site-specific VISL Results 1

Resident Equation Inputs

* Inputted values different from Resident defaults are highlighted.
Output generated   18MAR2019:09:38:39

Variable

Resident
Air

Default
Value Value

AF
gw

 (Attenuation Factor Groundwater) unitless 0.001 0.001

AF
ss

 (Attenuation Factor Sub-Slab) unitless 0.03 0.03

ED
res

 (exposure duration) years 26 26

ED
0-2

 (mutagenic exposure duration first phase) years 2 2

ED
2-6

 (mutagenic exposure duration second phase) years 4 4

ED
6-16

 (mutagenic exposure duration third phase) years 10 10

ED
16-26

 (mutagenic exposure duration fourth phase) years 10 10

EF
res

 (exposure frequency) days/year 350 350

EF
0-2

 (mutagenic exposure frequency first phase) days/year 350 350

EF
2-6

 (mutagenic exposure frequency second phase) days/year 350 350

EF
6-16

 (mutagenic exposure frequency third phase) days/year 350 350

EF
16-26

 (mutagenic exposure frequency fourth phase) days/year 350 350

ET
res

 (exposure time) hours/day 24 24

ET
0-2

 (mutagenic exposure time first phase) hours/day 24 24

ET
2-6

 (mutagenic exposure time second phase) hours/day 24 24

ET
6-16

 (mutagenic exposure time third phase) hours/day 24 24

ET
16-26

 (mutagenic exposure time fourth phase) hours/day 24 24

THQ (target hazard quotient) unitless 0.1 0.1

LT (lifetime) years 70 70

TR (target risk) unitless 1.0E-06 1.0E-06



Resident Vapor Intrusion Screening Levels (VISL) 2

Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = APPENDIX PPRTV SCREEN;
H = HEAST; W = see RSL user guide Section 2.3.5; E = see RSL user guide Section 2.3.6; S = see RSL
user's guide Section 5.

Chemical
CAS

Number

Does the
chemical

meet
the

definition
for

volatility?
(HLC>1E-5
or VP>1)

Does the
chemical

have
inhalation

toxicity
data?
(IUR

and/or
RfC)

Is Chemical
Sufficiently

Volatile and Toxic
to

Pose Inhalation
Risk

Via Vapor
Intrusion

from Soil Source?
(C

vp
 > C

i,a
,Target?)

Is Chemical
Sufficiently

Volatile and Toxic
to

Pose Inhalation
Risk

Via Vapor
Intrusion from
Groundwater

Source?
(C

hc
 > C

i,a
,Target?)

Target
Indoor Air

Concentration
(TCR=1E-06
or THQ=0.1)

MIN(C
ia,c

,C
ia,nc

)

(µg/m3)
Toxicity

Basis

Acetone 67-64-1 Yes Yes Yes Yes 3.22E+03 NC

Benzene 71-43-2 Yes Yes Yes Yes 3.60E-01 CA

Chlorobenzene 108-90-7 Yes Yes Yes Yes 5.21E+00 NC

Dichlorobenzene, 1,2- 95-50-1 Yes Yes Yes Yes 2.09E+01 NC

Dichlorobenzene, 1,3- 541-73-1 Yes No No Inhal. Tox. Info No Inhal. Tox. Info

Dichlorobenzene, 1,4- 106-46-7 Yes Yes Yes Yes 2.55E-01 CA

Dichloroethylene, 1,2-cis- 156-59-2 Yes No No Inhal. Tox. Info No Inhal. Tox. Info

Dichloroethylene, 1,2-trans- 156-60-5 Yes No No Inhal. Tox. Info No Inhal. Tox. Info

Methyl Ethyl Ketone (2-Butanone) 78-93-3 Yes Yes Yes Yes 5.21E+02 NC

Methyl tert-Butyl Ether (MTBE) 1634-04-4 Yes Yes Yes Yes 1.08E+01 CA

Nitrobenzene 98-95-3 Yes Yes Yes Yes 7.02E-02 CA

Trichlorobenzene, 1,2,3- 87-61-6 Yes No No Inhal. Tox. Info No Inhal. Tox. Info

Trichlorobenzene, 1,2,4- 120-82-1 Yes Yes Yes Yes 2.09E-01 NC

Trichloroethylene 79-01-6 Yes Yes Yes Yes 2.09E-01 NC

Xylene, o- 95-47-6 Yes Yes Yes Yes 1.04E+01 NC



Resident Vapor Intrusion Screening Levels (VISL) 3

Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = APPENDIX PPRTV SCREEN;
H = HEAST; W = see RSL user guide Section 2.3.5; E = see RSL user guide Section 2.3.6; S = see RSL
user's guide Section 5.

Chemical

Target
Sub-Slab and
Near-source

Soil Gas
Concentration

(TCR=1E-06
or THQ=0.1)
C

sg
,Target

(µg/m3)

Target
Groundwater
Concentration

(TCR=1E-06
or THQ=0.1)
C

gw
,Target

(µg/L)

Is Target
Groundwater
Concentration

< MCL?
(C

gw
 < MCL?)

Pure Phase
Vapor

Concentration
C

vp
\

(25 ℃)\

(µg/m3)

Maximum
Groundwater

Vapor
Concentration

C
hc

\

(µg/m3)

Temperature
for Maximum
Groundwater

Vapor
Concentration

(℃)

Acetone 1.07E+05 2.25E+06 -- 7.25E+08 1.43E+09 25

Benzene 1.20E+01 1.59E+00 Yes (5) 3.98E+08 4.06E+08 25

Chlorobenzene 1.74E+02 4.10E+01 Yes (100) 7.26E+07 6.33E+07 25

Dichlorobenzene, 1,2- 6.95E+02 2.66E+02 Yes (600) 1.08E+07 1.22E+07 25

Dichlorobenzene, 1,3- 1.70E+07 1.34E+07 25

Dichlorobenzene, 1,4- 8.51E+00 2.59E+00 Yes (75) 1.38E+07 8.01E+06 25

Dichloroethylene, 1,2-cis- 1.04E+09 1.07E+09 25

Dichloroethylene, 1,2-trans- 1.73E+09 1.73E+09 25

Methyl Ethyl Ketone (2-Butanone) 1.74E+04 2.24E+05 -- 3.51E+08 5.19E+08 25

Methyl tert-Butyl Ether (MTBE) 3.60E+02 4.50E+02 -- 1.19E+09 1.22E+09 25

Nitrobenzene 2.34E+00 7.15E+01 -- 1.62E+06 2.05E+06 25

Trichlorobenzene, 1,2,3- 2.05E+06 9.20E+05 25

Trichlorobenzene, 1,2,4- 6.95E+00 3.59E+00 Yes (70) 4.49E+06 2.84E+06 25

Trichloroethylene 6.95E+00 5.18E-01 Yes (5) 4.88E+08 5.15E+08 25

Xylene, o- 3.48E+02 4.92E+01 -- 3.77E+07 3.77E+07 25



Resident Vapor Intrusion Screening Levels (VISL) 4

Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = APPENDIX PPRTV SCREEN;
H = HEAST; W = see RSL user guide Section 2.3.5; E = see RSL user guide Section 2.3.6; S = see RSL
user's guide Section 5.

Chemical

Lower
Explosive

Limit
LEL
(%
by

volume)
LEL
Ref

IUR
(ug/m3)-1

IUR
Ref

RfC
(mg/m3)

RfC
Ref

Mutagenic
Indicator

Carcinogenic
VISL

TCR=1E-06
C

ia,c

(µg/m3)

Noncarcinogenic
VISL

THQ=0.1
C

ia,nc

(µg/m3)

Acetone 2.50 U 3.09E+01 U No 3.22E+03

Benzene 1.20 U 7.80E-06 U 3.00E-02 U No 3.60E-01 3.13E+00

Chlorobenzene 1.30 U 5.00E-02 U No 5.21E+00

Dichlorobenzene, 1,2- 2.20 U 2.00E-01 U No 2.09E+01

Dichlorobenzene, 1,3- 1.80 U No

Dichlorobenzene, 1,4- 1.80 U 1.10E-05 U 8.00E-01 U No 2.55E-01 8.34E+01

Dichloroethylene, 1,2-cis- 3.00 U No

Dichloroethylene, 1,2-trans- 6.00 U No

Methyl Ethyl Ketone (2-Butanone) 1.40 U 5.00E+00 U No 5.21E+02

Methyl tert-Butyl Ether (MTBE) 2.00 U 2.60E-07 U 3.00E+00 U No 1.08E+01 3.13E+02

Nitrobenzene 1.80 U 4.00E-05 U 9.00E-03 U No 7.02E-02 9.39E-01

Trichlorobenzene, 1,2,3- No

Trichlorobenzene, 1,2,4- 2.50 U 2.00E-03 U No 2.09E-01

Trichloroethylene 8.00 U 4.10E-06 U 2.00E-03 U Mut 4.78E-01 2.09E-01

Xylene, o- 0.90 U 1.00E-01 U No 1.04E+01



Resident Vapor Intrusion Risk 5
Output generated   18MAR2019:09:38:39

Chemical
CAS

Number

Site
Groundwater
Concentration

C
gw

\

(µg/L)

Site
Indoor Air

Concentration
C

i,a
\

(µg/m3)

VI
Carcinogenic

Risk
CR

VI
Hazard

HQ

Acetone 67-64-1 170 2.43E-01 7.55E-06

Benzene 71-43-2 12 2.72E+00 7.56E-06 8.70E-02

Chlorobenzene 108-90-7 380 4.83E+01 9.27E-01

Dichlorobenzene, 1,2- 95-50-1 450 3.53E+01 1.69E-01

Dichlorobenzene, 1,3- 541-73-1 12

Dichlorobenzene, 1,4- 106-46-7 98 9.66E+00 3.78E-05 1.16E-02

Dichloroethylene, 1,2-cis- 156-59-2 180

Dichloroethylene, 1,2-trans- 156-60-5 1.5

Methyl Ethyl Ketone (2-Butanone) 78-93-3 35 8.14E-02 1.56E-05

Methyl tert-Butyl Ether (MTBE) 1634-04-4 5.5 1.32E-01 1.22E-08 4.22E-05

Nitrobenzene 98-95-3 1 9.81E-04 1.40E-08 1.05E-04

Trichlorobenzene, 1,2,3- 87-61-6 37

Trichlorobenzene, 1,2,4- 120-82-1 160 9.29E+00 4.45E+00

Trichloroethylene 79-01-6 240 9.66E+01 2.02E-04 4.63E+01

Xylene, o- 95-47-6 6.1 1.29E+00 1.24E-02

*Sum 2.47E-04 5.20E+01



Resident Vapor Intrusion Risk 6
Output generated   18MAR2019:09:38:39

Chemical
IUR

(ug/m3)-1

IUR
Ref

Chronic
RfC

(mg/m3)
RfC
Ref

Temperature

(℃)\
for

Groundwater
Vapor

Concentration Mutagen?

Acetone 3.09E+01 U 25 No

Benzene 7.80E-06 U 3.00E-02 U 25 No

Chlorobenzene 5.00E-02 U 25 No

Dichlorobenzene, 1,2- 2.00E-01 U 25 No

Dichlorobenzene, 1,3- 25 No

Dichlorobenzene, 1,4- 1.10E-05 U 8.00E-01 U 25 No

Dichloroethylene, 1,2-cis- 25 No

Dichloroethylene, 1,2-trans- 25 No

Methyl Ethyl Ketone (2-Butanone) 5.00E+00 U 25 No

Methyl tert-Butyl Ether (MTBE) 2.60E-07 U 3.00E+00 U 25 No

Nitrobenzene 4.00E-05 U 9.00E-03 U 25 No

Trichlorobenzene, 1,2,3- 25 No

Trichlorobenzene, 1,2,4- 2.00E-03 U 25 No

Trichloroethylene 4.10E-06 U 2.00E-03 U 25 Mut

Xylene, o- 1.00E-01 U 25 No

*Sum



Chemical Properties 7
Output generated   18MAR2019:09:38:39

Chemical
CAS

Number

Does the
chemical

meet
the

definition
for

volatility?
(HLC>1E-5
or VP>1)

Does the
chemical

have
inhalation

toxicity
data?
(IUR

and/or
RfC) MW

MW
Ref

Vapor
Pressure

VP
(mm Hg)

VP
Ref

S
(mg/L)

S
Ref

Acetone 67-64-1 Yes Yes 58.08 U 2.32E+02 U 1.00E+06 U

Benzene 71-43-2 Yes Yes 78.12 U 9.48E+01 U 1.79E+03 U

Chlorobenzene 108-90-7 Yes Yes 112.56 U 1.20E+01 U 4.98E+02 U

Dichlorobenzene, 1,2- 95-50-1 Yes Yes 147.00 U 1.36E+00 U 1.56E+02 U

Dichlorobenzene, 1,3- 541-73-1 Yes No 147.00 U 2.15E+00 U 1.25E+02 U

Dichlorobenzene, 1,4- 106-46-7 Yes Yes 147.00 U 1.74E+00 U 8.13E+01 U

Dichloroethylene, 1,2-cis- 156-59-2 Yes No 96.94 U 2.00E+02 U 6.41E+03 U

Dichloroethylene, 1,2-trans- 156-60-5 Yes No 96.94 U 3.31E+02 U 4.52E+03 U

Methyl Ethyl Ketone (2-Butanone) 78-93-3 Yes Yes 72.11 U 9.06E+01 U 2.23E+05 U

Methyl tert-Butyl Ether (MTBE) 1634-04-4 Yes Yes 88.15 U 2.50E+02 U 5.10E+04 U

Nitrobenzene 98-95-3 Yes Yes 123.11 U 2.45E-01 U 2.09E+03 U

Trichlorobenzene, 1,2,3- 87-61-6 Yes No 181.45 U 2.10E-01 U 1.80E+01 U

Trichlorobenzene, 1,2,4- 120-82-1 Yes Yes 181.45 U 4.60E-01 U 4.90E+01 U

Trichloroethylene 79-01-6 Yes Yes 131.39 U 6.90E+01 U 1.28E+03 U

Xylene, o- 95-47-6 Yes Yes 106.17 U 6.61E+00 U 1.78E+02 U



Chemical Properties 8
Output generated   18MAR2019:09:38:39

Chemical
MCL

(ug/L)
HLC

(atm-m3/mole)

Henry's
Law

Constant
(unitless)

H`
and
HLC
Ref

Henry's
Law

Constant
Used in
Calcs

(unitless)
D

ia
\

(cm2/s)
D

ia
\

Ref
D

iw
\

(cm2/s)
D

iw
\

Ref

Acetone 3.50E-05 1.43E-03 U 1.43E-03 1.06E-01 U 1.15E-05 U

Benzene 5 5.55E-03 2.27E-01 U 2.27E-01 8.95E-02 U 1.03E-05 U

Chlorobenzene 100 3.11E-03 1.27E-01 U 1.27E-01 7.21E-02 U 9.48E-06 U

Dichlorobenzene, 1,2- 600 1.92E-03 7.85E-02 U 7.85E-02 5.62E-02 U 8.92E-06 U

Dichlorobenzene, 1,3- 2.63E-03 1.08E-01 U 1.08E-01 5.58E-02 U 8.85E-06 U

Dichlorobenzene, 1,4- 75 2.41E-03 9.85E-02 U 9.85E-02 5.50E-02 U 8.68E-06 U

Dichloroethylene, 1,2-cis- 70 4.08E-03 1.67E-01 U 1.67E-01 8.84E-02 U 1.13E-05 U

Dichloroethylene, 1,2-trans- 100 9.38E-03 3.83E-01 U 3.83E-01 8.76E-02 U 1.12E-05 U

Methyl Ethyl Ketone (2-Butanone) 5.69E-05 2.33E-03 U 2.33E-03 9.14E-02 U 1.02E-05 U

Methyl tert-Butyl Ether (MTBE) 5.87E-04 2.40E-02 U 2.40E-02 7.53E-02 U 8.59E-06 U

Nitrobenzene 2.40E-05 9.81E-04 U 9.81E-04 6.81E-02 U 9.45E-06 U

Trichlorobenzene, 1,2,3- 1.25E-03 5.11E-02 U 5.11E-02 3.95E-02 U 8.38E-06 U

Trichlorobenzene, 1,2,4- 70 1.42E-03 5.81E-02 U 5.81E-02 3.96E-02 U 8.40E-06 U

Trichloroethylene 5 9.85E-03 4.03E-01 U 4.03E-01 6.87E-02 U 1.02E-05 U

Xylene, o- 5.18E-03 2.12E-01 U 2.12E-01 6.89E-02 U 8.53E-06 U



Chemical Properties 9
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Chemical

Normal
Boiling
Point

BP
(K)

BP
Ref

Critical
Temperature

TC
(K)

TC
Ref

Enthalpy of
vaporization

at
the normal

boiling point

ΔH
v,b

\
(cal/mol)

ΔH
v,b

\
Ref

K
oc

\
(cm3/g)

K
oc

\
Ref

Lower
Explosive

Limit
LEL
(%
by

volume)
LEL
Ref

Acetone 329.15 U 5.08E+02 U 6960.00 U 2.36 U 2.50 U

Benzene 353.15 U 5.62E+02 U 7340.00 U 146 U 1.20 U

Chlorobenzene 405.15 U 6.32E+02 U 8410.00 U 234 U 1.30 U

Dichlorobenzene, 1,2- 453.15 U 7.05E+02 U 9480.00 U 383 U 2.20 U

Dichlorobenzene, 1,3- 446.15 U 6.86E+02 U 9230.00 U 375 U 1.80 U

Dichlorobenzene, 1,4- 447.15 U 6.69E+02 U 9270.00 U 375 U 1.80 U

Dichloroethylene, 1,2-cis- 333.25 U 5.36E+02 U 7220.00 U 39.6 U 3.00 U

Dichloroethylene, 1,2-trans- 321.85 U 5.16E+02 U 6910.00 U 39.6 U 6.00 U

Methyl Ethyl Ketone (2-Butanone) 352.65 U 5.37E+02 U 7480.00 U 4.51 U 1.40 U

Methyl tert-Butyl Ether (MTBE) 328.15 U 4.97E+02 U 6680.00 U 11.6 U 2.00 U

Nitrobenzene 484.15 U 7.19E+02 U 10600.00 U 226 U 1.80 U

Trichlorobenzene, 1,2,3- 491.15 U 7.34E+02 U 12600.00 U 1380 U

Trichlorobenzene, 1,2,4- 487.15 U 7.25E+02 U 10500.00 U 1360 U 2.50 U

Trichloroethylene 360.35 U 5.71E+02 U 7500.00 U 60.7 U 8.00 U

Xylene, o- 417.15 U 6.30E+02 U 8660.00 U 383 U 0.90 U



Site-specific VISL Results 1

Commercial Equation Inputs

* Inputted values different from Commercial defaults are highlighted.
Output generated   18MAR2019:10:14:30

Variable

Commercial
Air

Default
Value Value

AF
gw

 (Attenuation Factor Groundwater) unitless 0.001 0.001

AF
ss

 (Attenuation Factor Sub-Slab) unitless 0.03 0.03

AT
w
 (averaging time - composite worker) 365 365

ED
w
 (exposure duration - composite worker) yr 25 25

EF
w
 (exposure frequency - composite worker) day/yr 250 250

ET
w
 (exposure time - composite worker) hr 8 8

THQ (target hazard quotient) unitless 0.1 0.1

LT (lifetime) yr 70 70

TR (target risk) unitless 1.0E-06 1.0E-06



Commercial Vapor Intrusion Screening Levels (VISL) 2

Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = APPENDIX PPRTV SCREEN;
H = HEAST; W = see RSL user guide Section 2.3.5; E = see RSL user guide Section 2.3.6; S = see RSL
user's guide Section 5.

Chemical
CAS

Number

Does the
chemical

meet
the

definition
for

volatility?
(HLC>1E-5
or VP>1)

Does the
chemical

have
inhalation

toxicity
data?
(IUR

and/or
RfC)

Is Chemical
Sufficiently

Volatile and Toxic
to

Pose Inhalation
Risk

Via Vapor
Intrusion

from Soil Source?
(C

vp
 > C

i,a
,Target?)

Is Chemical
Sufficiently

Volatile and Toxic
to

Pose Inhalation
Risk

Via Vapor
Intrusion from
Groundwater

Source?
(C

hc
 > C

i,a
,Target?)

Target
Indoor Air

Concentration
(TCR=1E-06
or THQ=0.1)

MIN(C
ia,c

,C
ia,nc

)

(µg/m3)
Toxicity

Basis

Acetone 67-64-1 Yes Yes Yes Yes 1.35E+04 NC

Benzene 71-43-2 Yes Yes Yes Yes 1.57E+00 CA

Chlorobenzene 108-90-7 Yes Yes Yes Yes 2.19E+01 NC

Dichlorobenzene, 1,2- 95-50-1 Yes Yes Yes Yes 8.76E+01 NC

Dichlorobenzene, 1,3- 541-73-1 Yes No No Inhal. Tox. Info No Inhal. Tox. Info

Dichlorobenzene, 1,4- 106-46-7 Yes Yes Yes Yes 1.11E+00 CA

Dichloroethylene, 1,2-cis- 156-59-2 Yes No No Inhal. Tox. Info No Inhal. Tox. Info

Dichloroethylene, 1,2-trans- 156-60-5 Yes No No Inhal. Tox. Info No Inhal. Tox. Info

Methyl Ethyl Ketone (2-Butanone) 78-93-3 Yes Yes Yes Yes 2.19E+03 NC

Methyl tert-Butyl Ether (MTBE) 1634-04-4 Yes Yes Yes Yes 4.72E+01 CA

Nitrobenzene 98-95-3 Yes Yes Yes Yes 3.07E-01 CA

Trichlorobenzene, 1,2,3- 87-61-6 Yes No No Inhal. Tox. Info No Inhal. Tox. Info

Trichlorobenzene, 1,2,4- 120-82-1 Yes Yes Yes Yes 8.76E-01 NC

Trichloroethylene 79-01-6 Yes Yes Yes Yes 8.76E-01 NC

Xylene, o- 95-47-6 Yes Yes Yes Yes 4.38E+01 NC



Commercial Vapor Intrusion Screening Levels (VISL) 3

Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = APPENDIX PPRTV SCREEN;
H = HEAST; W = see RSL user guide Section 2.3.5; E = see RSL user guide Section 2.3.6; S = see RSL
user's guide Section 5.

Chemical

Target
Sub-Slab and
Near-source

Soil Gas
Concentration

(TCR=1E-06
or THQ=0.1)
C

sg
,Target

(µg/m3)

Target
Groundwater
Concentration

(TCR=1E-06
or THQ=0.1)
C

gw
,Target

(µg/L)

Is Target
Groundwater
Concentration

< MCL?
(C

gw
 < MCL?)

Pure Phase
Vapor

Concentration
C

vp
\

(25 ℃)\

(µg/m3)

Maximum
Groundwater

Vapor
Concentration

C
hc

\

(µg/m3)

Temperature
for Maximum
Groundwater

Vapor
Concentration

(℃)

Acetone 4.51E+05 9.46E+06 -- 7.25E+08 1.43E+09 25

Benzene 5.24E+01 6.93E+00 No (5) 3.98E+08 4.06E+08 25

Chlorobenzene 7.30E+02 1.72E+02 No (100) 7.26E+07 6.33E+07 25

Dichlorobenzene, 1,2- 2.92E+03 1.12E+03 No (600) 1.08E+07 1.22E+07 25

Dichlorobenzene, 1,3- 1.70E+07 1.34E+07 25

Dichlorobenzene, 1,4- 3.72E+01 1.13E+01 Yes (75) 1.38E+07 8.01E+06 25

Dichloroethylene, 1,2-cis- 1.04E+09 1.07E+09 25

Dichloroethylene, 1,2-trans- 1.73E+09 1.73E+09 25

Methyl Ethyl Ketone (2-Butanone) 7.30E+04 9.41E+05 -- 3.51E+08 5.19E+08 25

Methyl tert-Butyl Ether (MTBE) 1.57E+03 1.97E+03 -- 1.19E+09 1.22E+09 25

Nitrobenzene 1.02E+01 3.12E+02 -- 1.62E+06 2.05E+06 25

Trichlorobenzene, 1,2,3- 2.05E+06 9.20E+05 25

Trichlorobenzene, 1,2,4- 2.92E+01 1.51E+01 Yes (70) 4.49E+06 2.84E+06 25

Trichloroethylene 2.92E+01 2.18E+00 Yes (5) 4.88E+08 5.15E+08 25

Xylene, o- 1.46E+03 2.07E+02 -- 3.77E+07 3.77E+07 25



Commercial Vapor Intrusion Screening Levels (VISL) 4

Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = APPENDIX PPRTV SCREEN;
H = HEAST; W = see RSL user guide Section 2.3.5; E = see RSL user guide Section 2.3.6; S = see RSL
user's guide Section 5.

Chemical

Lower
Explosive

Limit
LEL
(%
by

volume)
LEL
Ref

IUR
(ug/m3)-1

IUR
Ref

RfC
(mg/m3)

RfC
Ref

Mutagenic
Indicator

Carcinogenic
VISL

TCR=1E-06
C

ia,c

(µg/m3)

Noncarcinogenic
VISL

THQ=0.1
C

ia,nc

(µg/m3)

Acetone 2.50 U 3.09E+01 U No 1.35E+04

Benzene 1.20 U 7.80E-06 U 3.00E-02 U No 1.57E+00 1.31E+01

Chlorobenzene 1.30 U 5.00E-02 U No 2.19E+01

Dichlorobenzene, 1,2- 2.20 U 2.00E-01 U No 8.76E+01

Dichlorobenzene, 1,3- 1.80 U No

Dichlorobenzene, 1,4- 1.80 U 1.10E-05 U 8.00E-01 U No 1.11E+00 3.50E+02

Dichloroethylene, 1,2-cis- 3.00 U No

Dichloroethylene, 1,2-trans- 6.00 U No

Methyl Ethyl Ketone (2-Butanone) 1.40 U 5.00E+00 U No 2.19E+03

Methyl tert-Butyl Ether (MTBE) 2.00 U 2.60E-07 U 3.00E+00 U No 4.72E+01 1.31E+03

Nitrobenzene 1.80 U 4.00E-05 U 9.00E-03 U No 3.07E-01 3.94E+00

Trichlorobenzene, 1,2,3- No

Trichlorobenzene, 1,2,4- 2.50 U 2.00E-03 U No 8.76E-01

Trichloroethylene 8.00 U 4.10E-06 U 2.00E-03 U Mut 2.99E+00 8.76E-01

Xylene, o- 0.90 U 1.00E-01 U No 4.38E+01



Commercial Vapor Intrusion Risk 5
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Chemical
CAS

Number

Site
Groundwater
Concentration

C
gw

\

(µg/L)

Site
Indoor Air

Concentration
C

i,a
\

(µg/m3)

VI
Carcinogenic

Risk
CR

VI
Hazard

HQ

Acetone 67-64-1 170 2.43E-01 1.80E-06

Benzene 71-43-2 12 2.72E+00 1.73E-06 2.07E-02

Chlorobenzene 108-90-7 380 4.83E+01 2.21E-01

Dichlorobenzene, 1,2- 95-50-1 450 3.53E+01 4.03E-02

Dichlorobenzene, 1,3- 541-73-1 12

Dichlorobenzene, 1,4- 106-46-7 98 9.66E+00 8.66E-06 2.76E-03

Dichloroethylene, 1,2-cis- 156-59-2 180

Dichloroethylene, 1,2-trans- 156-60-5 1.5

Methyl Ethyl Ketone (2-Butanone) 78-93-3 35 8.14E-02 3.72E-06

Methyl tert-Butyl Ether (MTBE) 1634-04-4 5.5 1.32E-01 2.80E-09 1.00E-05

Nitrobenzene 98-95-3 1 9.81E-04 3.20E-09 2.49E-05

Trichlorobenzene, 1,2,3- 87-61-6 37

Trichlorobenzene, 1,2,4- 120-82-1 160 9.29E+00 1.06E+00

Trichloroethylene 79-01-6 240 9.66E+01 3.23E-05 1.10E+01

Xylene, o- 95-47-6 6.1 1.29E+00 2.95E-03

*Sum 4.27E-05 1.24E+01
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Chemical
IUR

(ug/m3)-1

IUR
Ref

Chronic
RfC

(mg/m3)
RfC
Ref

Temperature

(℃)\
for

Groundwater
Vapor

Concentration Mutagen?

Acetone 3.09E+01 U 25 No

Benzene 7.80E-06 U 3.00E-02 U 25 No

Chlorobenzene 5.00E-02 U 25 No

Dichlorobenzene, 1,2- 2.00E-01 U 25 No

Dichlorobenzene, 1,3- 25 No

Dichlorobenzene, 1,4- 1.10E-05 U 8.00E-01 U 25 No

Dichloroethylene, 1,2-cis- 25 No

Dichloroethylene, 1,2-trans- 25 No

Methyl Ethyl Ketone (2-Butanone) 5.00E+00 U 25 No

Methyl tert-Butyl Ether (MTBE) 2.60E-07 U 3.00E+00 U 25 No

Nitrobenzene 4.00E-05 U 9.00E-03 U 25 No

Trichlorobenzene, 1,2,3- 25 No

Trichlorobenzene, 1,2,4- 2.00E-03 U 25 No

Trichloroethylene 4.10E-06 U 2.00E-03 U 25 Mut

Xylene, o- 1.00E-01 U 25 No

*Sum
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Chemical
CAS

Number

Does the
chemical

meet
the

definition
for

volatility?
(HLC>1E-5
or VP>1)

Does the
chemical

have
inhalation

toxicity
data?
(IUR

and/or
RfC) MW

MW
Ref

Vapor
Pressure

VP
(mm Hg)

VP
Ref

S
(mg/L)

S
Ref

Acetone 67-64-1 Yes Yes 58.08 U 2.32E+02 U 1.00E+06 U

Benzene 71-43-2 Yes Yes 78.12 U 9.48E+01 U 1.79E+03 U

Chlorobenzene 108-90-7 Yes Yes 112.56 U 1.20E+01 U 4.98E+02 U

Dichlorobenzene, 1,2- 95-50-1 Yes Yes 147.00 U 1.36E+00 U 1.56E+02 U

Dichlorobenzene, 1,3- 541-73-1 Yes No 147.00 U 2.15E+00 U 1.25E+02 U

Dichlorobenzene, 1,4- 106-46-7 Yes Yes 147.00 U 1.74E+00 U 8.13E+01 U

Dichloroethylene, 1,2-cis- 156-59-2 Yes No 96.94 U 2.00E+02 U 6.41E+03 U

Dichloroethylene, 1,2-trans- 156-60-5 Yes No 96.94 U 3.31E+02 U 4.52E+03 U

Methyl Ethyl Ketone (2-Butanone) 78-93-3 Yes Yes 72.11 U 9.06E+01 U 2.23E+05 U

Methyl tert-Butyl Ether (MTBE) 1634-04-4 Yes Yes 88.15 U 2.50E+02 U 5.10E+04 U

Nitrobenzene 98-95-3 Yes Yes 123.11 U 2.45E-01 U 2.09E+03 U

Trichlorobenzene, 1,2,3- 87-61-6 Yes No 181.45 U 2.10E-01 U 1.80E+01 U

Trichlorobenzene, 1,2,4- 120-82-1 Yes Yes 181.45 U 4.60E-01 U 4.90E+01 U

Trichloroethylene 79-01-6 Yes Yes 131.39 U 6.90E+01 U 1.28E+03 U

Xylene, o- 95-47-6 Yes Yes 106.17 U 6.61E+00 U 1.78E+02 U
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Chemical
MCL

(ug/L)
HLC

(atm-m3/mole)

Henry's
Law

Constant
(unitless)

H`
and
HLC
Ref

Henry's
Law

Constant
Used in
Calcs

(unitless)
D

ia
\

(cm2/s)
D

ia
\

Ref
D

iw
\

(cm2/s)
D

iw
\

Ref

Acetone 3.50E-05 1.43E-03 U 1.43E-03 1.06E-01 U 1.15E-05 U

Benzene 5 5.55E-03 2.27E-01 U 2.27E-01 8.95E-02 U 1.03E-05 U

Chlorobenzene 100 3.11E-03 1.27E-01 U 1.27E-01 7.21E-02 U 9.48E-06 U

Dichlorobenzene, 1,2- 600 1.92E-03 7.85E-02 U 7.85E-02 5.62E-02 U 8.92E-06 U

Dichlorobenzene, 1,3- 2.63E-03 1.08E-01 U 1.08E-01 5.58E-02 U 8.85E-06 U

Dichlorobenzene, 1,4- 75 2.41E-03 9.85E-02 U 9.85E-02 5.50E-02 U 8.68E-06 U

Dichloroethylene, 1,2-cis- 70 4.08E-03 1.67E-01 U 1.67E-01 8.84E-02 U 1.13E-05 U

Dichloroethylene, 1,2-trans- 100 9.38E-03 3.83E-01 U 3.83E-01 8.76E-02 U 1.12E-05 U

Methyl Ethyl Ketone (2-Butanone) 5.69E-05 2.33E-03 U 2.33E-03 9.14E-02 U 1.02E-05 U

Methyl tert-Butyl Ether (MTBE) 5.87E-04 2.40E-02 U 2.40E-02 7.53E-02 U 8.59E-06 U

Nitrobenzene 2.40E-05 9.81E-04 U 9.81E-04 6.81E-02 U 9.45E-06 U

Trichlorobenzene, 1,2,3- 1.25E-03 5.11E-02 U 5.11E-02 3.95E-02 U 8.38E-06 U

Trichlorobenzene, 1,2,4- 70 1.42E-03 5.81E-02 U 5.81E-02 3.96E-02 U 8.40E-06 U

Trichloroethylene 5 9.85E-03 4.03E-01 U 4.03E-01 6.87E-02 U 1.02E-05 U

Xylene, o- 5.18E-03 2.12E-01 U 2.12E-01 6.89E-02 U 8.53E-06 U
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Chemical

Normal
Boiling
Point

BP
(K)

BP
Ref

Critical
Temperature

TC
(K)

TC
Ref

Enthalpy of
vaporization

at
the normal

boiling point

ΔH
v,b

\
(cal/mol)

ΔH
v,b

\
Ref

K
oc

\
(cm3/g)

K
oc

\
Ref

Lower
Explosive

Limit
LEL
(%
by

volume)
LEL
Ref

Acetone 329.15 U 5.08E+02 U 6960.00 U 2.36 U 2.50 U

Benzene 353.15 U 5.62E+02 U 7340.00 U 146 U 1.20 U

Chlorobenzene 405.15 U 6.32E+02 U 8410.00 U 234 U 1.30 U

Dichlorobenzene, 1,2- 453.15 U 7.05E+02 U 9480.00 U 383 U 2.20 U

Dichlorobenzene, 1,3- 446.15 U 6.86E+02 U 9230.00 U 375 U 1.80 U

Dichlorobenzene, 1,4- 447.15 U 6.69E+02 U 9270.00 U 375 U 1.80 U

Dichloroethylene, 1,2-cis- 333.25 U 5.36E+02 U 7220.00 U 39.6 U 3.00 U

Dichloroethylene, 1,2-trans- 321.85 U 5.16E+02 U 6910.00 U 39.6 U 6.00 U

Methyl Ethyl Ketone (2-Butanone) 352.65 U 5.37E+02 U 7480.00 U 4.51 U 1.40 U

Methyl tert-Butyl Ether (MTBE) 328.15 U 4.97E+02 U 6680.00 U 11.6 U 2.00 U

Nitrobenzene 484.15 U 7.19E+02 U 10600.00 U 226 U 1.80 U

Trichlorobenzene, 1,2,3- 491.15 U 7.34E+02 U 12600.00 U 1380 U

Trichlorobenzene, 1,2,4- 487.15 U 7.25E+02 U 10500.00 U 1360 U 2.50 U

Trichloroethylene 360.35 U 5.71E+02 U 7500.00 U 60.7 U 8.00 U

Xylene, o- 417.15 U 6.30E+02 U 8660.00 U 383 U 0.90 U
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ATTENUATION FACTORS FOR 
SITE-SPECIFIC VAPOR INTRUSION SCREENING LEVELS 

NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE – OU2 
ASHLAND, MASSACHUSETTS 

 
 
 
1.0 INTRODUCTION 

This technical memorandum (Memo) describes the selection process for determining attenuation 

factors (geology and temperature) to be used in the site-specific vapor intrusion level 

determination for target groundwater. Other attenuation factors are available for building 

construction. However, given the wide variety of buildings in the area ranging from single-story 

homes to apartment buildings to large industrial buildings, no attempts were made to modify 

attenuation factors for building construction. 
 

2.0 SITE-SPECIFIC GROUNDWATER TEMPERATURE 

The standard temperature assumed in the U.S. Environmental Protection Agency (EPA) 

calculator (EPA, 2019) is 25°C; this has been modified to 15°C based on best practices for the 

Site and review of available groundwater temperature data from groundwater sampling, as 

described in the following sections. 

 

2.1 Previous Evaluations 

The 2005 Human Health Risk Assessment (HHRA) developed a central tendency value of 13.2°C 

and reasonable maximum value of 15.6°C based on the semi-annual groundwater reports from 

1998-2004 (ICF Consulting [ICF], 2005). The HHRA evaluated a subset of the available wells 

from this dataset; it is assumed that the temperature data are from this subset. The HHRA used 

only wells with detected contaminant concentrations in Fall 2003 greater than the MCP GW-1 

standards, and wells which were partially or fully screened in overburden, for a total of 22 wells 

selected for evaluation. 
 

The Draft HHRA Technical Memorandum for construction workers exposed to shallow 

groundwater/vapors (Nobis, 2019) evaluated a selection of shallow overburden wells (bottom of 

the well screen 20 feet below ground surfaces [bgs] or shallower) sampled in 2015 and 2017, with 

measured groundwater temperatures ranging from 12.91°C to 14.38 °C. 
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2.2 Statistical Evaluation – 2012-2018 

The most complete groundwater field parameter data set available to Nobis is the semi-annual 

sampling to evaluate natural attenuation from 2012-2015 and the follow-on sampling conducted 

in 2017 and 2018. Nobis evaluated two sets of data: all groundwater analytical samples, and all 

shallow overburden wells (bottom of the well screen 20 feet bgs or shallower). Given that the 

purpose of this evaluation was to determine the overall site-specific temperature, wells with non-

detects and concentrations below screening criteria were retained. The wells were sampled at 

different intervals; therefore, the average groundwater temperature at each well was used to 

develop statistics. See Table 1 for the calculated average temperature for all wells (12.75 °C) and 

Table 2 for the calculated average temperature for all shallow overburden wells (12.86 °C). Table 

3 includes all of the data used to develop the per-well averages used. 
 

Nobis also used ProUCL, Version 5.1 (EPA, 2015) to evaluate the temperature statistics for both 

shallow overburden and all monitoring wells. The data for both appeared normal at a 5% statistical 

level, and the 95% upper confidence limit was 13.07°C and 13.79°C for all wells and the shallow 

overburden wells, respectively. See Attachment C-1 and C-2 for ProUCL outputs. Based on the 

calculated statistics, a temperature of 15°C is a reasonable conservative estimate. That is, the 

calculated risks from vapor intrusion are slightly higher than the actual expected risk based on 

the groundwater sampling. 

 

3.0 SITE-SPECIFIC GEOLOGY 

EPA compiled a vapor intrusion database to evaluate the attenuation that may be observed when 

vapors migrate from the subsurface into indoor air spaces (EPA, 2012). The database included 

results from 913 buildings at 41 sites with paired indoor air and sub-slab soil gas, groundwater, 

exterior soil gas, or crawl space concentrations. The distributions of the attenuation factors were 

analyzed graphically and statistically after removal of data that did not meet quality criteria and/or 

were likely to be influenced by background sources. 

 

The database evaluated results based on fine soil, coarse soil, and very coarse soil to determine 

an overall natural attenuation factor of 0.001 based on the 95th percentile and 0.00007 based on 

the 50th percentile (median). The 95th percentile attenuation factor was 0.0005 for fine soil. 
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Table 4 provides the soil descriptions for monitoring wells located within the VOC plume and in 

the general area of VOC detections in groundwater (not including wells north of the Sudbury River 

or wells located more than 500 feet from the VOC plume). The overburden TCE plume is included 

as Figure C-1 for comparison. Available boring logs that include soil data are included in 

Attachment C-3. These include borings from the Remedial Investigation (RI) (Ebasco, 1991), two 

step drilling programs (Nobis, 2010 and 2012), and recent well installation activities (Nobis, 2018). 

 

Review of the boring logs indicates that silty sands and interbedded silty/sandy units were 

encountered in the upper 15 feet of nearly all of the borings in or close to the overburden plume. 

Many of the descriptions indicated that the silty materials were stratified or interbedded. Several 

borings (RI borings B-115, B-120, B-302, 2009 step drilling boring B-1, and 2012 step drilling 

boring B-13) encountered thick silt layers as well. Gravels were encountered, but they were 

generally mixed with more fine-grained material.  

 

Based on the grain size and distribution of fine-grained deposits noted above, soils in and close 

to the groundwater plume would be considered fine grained rather than coarse or very coarse. 

This would reduce the recommended attenuation factor to 0.0005 rather than 0.001, essentially 

doubling the resulting VISL value. This value is still considered to be conservative, as it uses the 

95th percentile value (an order of magnitude above the median value for fine soils and significantly 

higher than the median value for coarse and very coarse soils). 

 

4.0 SUMMARY 

Based on evaluation of site characteristics, we recommend using two modified vapor intrusion 

attenuation factors:  

 

• Temperature: modified to 15°C 

• Groundwater Attenuation Factor: modified to 0.0005 

 

The resulting VISL values for groundwater (using a hazard index of 1 and a carcinogenic risk of 

1x10-4) are provided in Table 5. 

 



 Page 4 of 4 Nobis Group® 

5.0 REFERENCES 

Ebasco, 1991. Draft Final Remedial Investigation Report, Nyanza II – Groundwater Study, 

Ashland, Massachusetts. April. 

 

EPA, 2012. EPA’s Vapor Intrusion Database: Evaluation and Characterization of Attenuation 

Factors for Chlorinated Volatile Organic Compounds and Residential Buildings. EPA 530-R-10-

002. March 16. 

 

EPA, 2015. ProUCL Version 5.1 User Guide. EPA/600/R-07/041. October. 
 

EPA, 2019. Vapor Intrusion Screening Level (VISL) Calculator User’s Guide for Chemical 

Contaminants. https://www.epa.gov/vaporintrusion/visl-users-guide. Accessed May 7. 

 

ICF, 2005. Final Report, Indoor Air Human Health Risk Assessment, Nyanza Chemical Waste 

Dump Superfund Site, Operable Unit II, Ashland, Massachusetts. October 25. 

 

Nobis, 2010. Draft Technical Memorandum for Stepped Drilling Program, Nyanza Chemical 

Waste Dump Superfund Site – Operable Unit # 2, Ashland, Massachusetts. January 12. 

 

Nobis, 2012. Technical Memorandum for Step Drilling Program, Nyanza Chemical Waste Dump 

Superfund Site – Operable Unit 2, Ashland, Massachusetts. December. 

 

Nobis, 2018. 2017-2018 Data Summary Technical Memorandum, Nyanza Chemical Waste Dump 

Superfund Site – Operable Unit # 2, Ashland, Massachusetts. July. 

 

Nobis, 2019. Draft Supplemental Human Health Risk Assessment Technical Memorandum, 

Nyanza Chemical Waste Dump Superfund Site, Operable Unit 2, Ashland, Massachusetts. 

March. 

 

https://www.epa.gov/vaporintrusion/visl-users-guide


MW-04A
5 U

MW-09A
2.3 J

MW-406B
1.7 J

RMW-403B
5 U

RMW-405B
100 U

WP-105
5 U

MW-03A
1 U

MW-504A
1 U

Terminal
Manhole
1 U

MW/B-5
24000

MADEP-MW-1
1 U

MW-04B
8.3

MW-06A
2.9

MW-06B
7.3

MW-104B
5.6

MW-112B
1 U

MW-113B
200

MW-115B
2000

MW-201
170

MW-202
640

MW-203B
370

MW-302
130

MW-304B
90MW-305B

1 U

RW-1
1.5

MW-40MAIN
4.1

MW-701S
200

MW-702S
1 U

RMW-404B
1 U

NOTES:

1. Samples collected by Nobis, November 13-16, 2017,
unless otherwise noted.

2. Massachusetts MCP GW-1 standard for groundwater
Trichloroethene is 5 micrograms per liter (µg/L). U = not
detected.

3. High probability DNAPL zone shown was delineated
by ICF (2006); see text.

4. Aerial photograph from MassGIS/Google web map
service, 2017.

5. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend
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FIGURE C-1
OVERBURDEN GROUNDWATER

TRICHLOROETHENE RESULTS - FALL 2017
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS
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Table 1
Historical Groundwater Temperature Results Per Well - All Wells

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 3

Sample Location MW-03B MW-04A MW-04B MW-04C MW-06A MW-06B MW-09A MW-09B MW-
40MAIN

MW-
104A

MW-
104B

MW-107 MW-110 MW-
112A

MW-
112B

MW-113A MW-
113B

Aquifer BR DOB OB/BR BR SOB SOB DOB DOB DOB BR SOB BR BR BR DOB BR DOB
Sample ID MW-3B-

111317A
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
MW-

40MAIN-
111715A

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

MW113A-
110812

AVG
TEMP

Field Measurement
Temperature (°C) 11.29 13.305 11.702 10.798 13.6367 13.8033 13.4975 12.8375 15.55 12.684 13.5 12.8267 12.4678 12.675 12.8 9.72 12.0463

Notes:

Average values shown unless only one value was available. If so, the originating sample ID is shown.

SOB = shallow overburden (bottom of screen 20 feet or less below grade), DOB = deep overburden (bottom of screen more than 20 feet below grade), OB/BR = 
screen crosses the overburden/bedrock interface, BR = bedrock

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 1
Historical Groundwater Temperature Results Per Well - All Wells

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 3

Sample Location

Aquifer
Sample ID

Field Measurement
Temperature (°C)

MW-
115A

MW-
115B

MW-201 MW-202 MW-
203A

MW-
203B

MW-
204A

MW-302 MW-
304A

MW-
304B

MW-
305B

MW-401 MW-402 MW-404B MW-
406A

MW-
406B

MW-503A

BR DOB SOB DOB BR DOB BR DOB BR DOB SOB BR BR DOB BR DOB SOB
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
MW-404B-
111417A

AVG
TEMP

AVG
TEMP

MW503A-
110912

12.5356 12.2978 15.028 13.602 13.6022 13.0956 15.45 13.3675 12.2544 12.5633 12.8233 12.385 11.83 13 16.5925 14.3288 10.99

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 1
Historical Groundwater Temperature Results Per Well - All Wells

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 3

Sample Location

Aquifer
Sample ID

Field Measurement
Temperature (°C)

MW-
503B

MW-701S MW-702S MW/B-5 MW/B-11 RMW-
116A

RMW-
305A

RMW-
403A

RMW-
403B

RMW-
405A

RMW-
405B

RW-1 SB-600 WP-105

BR SOB SOB OB/BR BR BR BR BR SOB BR DOB OB/BR BR SOB
AVG

TEMP
MW-701-
050218A

MW-702-
050218A

AVG
TEMP

MWB11-
110912

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

10.65 14.25 9.72 11.872 12.35 11.59 12.8211 11.6638 11.755 13.1289 13.1989 13.038 12.188 13.075 12.75

Average 
Temp: 

All Wells

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 1
Historical Groundwater Temperature Results Per Well - All Wells

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 3

Sample Location MW-03B MW-04A MW-04B MW-04C MW-06A MW-06B MW-09A MW-09B MW-
40MAIN

MW-
104A

MW-
104B

MW-107 MW-110 MW-
112A

MW-
112B

MW-113A MW-
113B

Aquifer BR DOB OB/BR BR SOB SOB DOB DOB DOB BR SOB BR BR BR DOB BR DOB
Sample ID MW-3B-

111317A
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
MW-

40MAIN-
111715A

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

MW113A-
110812

AVG
TEMP

Field Measurement
Temperature (°C) 11.29 13.305 11.702 10.798 13.6367 13.8033 13.4975 12.8375 15.55 12.684 13.5 12.8267 12.4678 12.675 12.8 9.72 12.0463

Notes:

Average values shown unless only one value was available. If so, the originating sample ID is shown.

SOB = shallow overburden (bottom of screen 20 feet or less below grade), DOB = deep overburden (bottom of screen more than 20 feet below grade), OB/BR = 
screen crosses the overburden/bedrock interface, BR = bedrock

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 1
Historical Groundwater Temperature Results Per Well - All Wells

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 3

Sample Location

Aquifer
Sample ID

Field Measurement
Temperature (°C)

MW-
115A

MW-
115B

MW-201 MW-202 MW-
203A

MW-
203B

MW-
204A

MW-302 MW-
304A

MW-
304B

MW-
305B

MW-401 MW-402 MW-404B MW-
406A

MW-
406B

MW-503A

BR DOB SOB DOB BR DOB BR DOB BR DOB SOB BR BR DOB BR DOB SOB
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
AVG

TEMP
MW-404B-
111417A

AVG
TEMP

AVG
TEMP

MW503A-
110912

12.5356 12.2978 15.028 13.602 13.6022 13.0956 15.45 13.3675 12.2544 12.5633 12.8233 12.385 11.83 13 16.5925 14.3288 10.99

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 1
Historical Groundwater Temperature Results Per Well - All Wells

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 3

Sample Location

Aquifer
Sample ID

Field Measurement
Temperature (°C)

MW-
503B

MW-701S MW-702S MW/B-5 MW/B-11 RMW-
116A

RMW-
305A

RMW-
403A

RMW-
403B

RMW-
405A

RMW-
405B

RW-1 SB-600 WP-105

BR SOB SOB OB/BR BR BR BR BR SOB BR DOB OB/BR BR SOB
AVG

TEMP
MW-701-
050218A

MW-702-
050218A

AVG
TEMP

MWB11-
110912

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

AVG
TEMP

10.65 14.25 9.72 11.872 12.35 11.59 12.8211 11.6638 11.755 13.1289 13.1989 13.038 12.188 13.075 12.75

Average 
Temp: 

All Wells

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 23

Sample Location MW-03B

Aquifer BR
Sample ID MW-3B-

111317A
MW4A-
110612

MW-4A-
110413A

MW-4A-
110514A

MW-04A-
120115A

MW04B-
110612

MW-4B-
110413A

MW-4B-
110514A

MW-04B-
120115A

MW-04B-
111517A

Sample Date 11/13/17 11/06/12 11/04/13 11/05/14 12/01/15 11/06/12 11/04/13 11/05/14 12/01/15 11/15/17
Field Measurement
Temperature (°C) 11.29 14.46 11.65 13.96 13.15 13.305 12.1 10.82 12.29 11.12 12.18 11.702

Note:

MW-04A MW-04B

DOB
AVG

TEMP
AVG

TEMP

OB/BR

SOB = shallow overburden (bottom of screen 20 feet or less below grade), DOB = deep overburden (bottom of screen more than 20 feet below grade), OB/BR = screen 
crosses the overburden/bedrock interface, BR = bedrock

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW04C-
110612

MW-4C-
110413A

MW-4C-
110514A

MW-04C-
120115A

MW-04C-
111517A

MW-06A MW6A-
110712

MW-06A-
052213A

MW-6A-
110613A

MW-06A-
042914A

MW-6A-
110514A

MW-6A-
051315A

MW-06A-
113015A

MW-06A-
111617A

11/06/12 11/04/13 11/05/14 12/01/15 11/15/17 08/14/12 11/07/12 05/22/13 11/06/13 04/29/14 11/05/14 05/13/15 11/30/15 11/16/17

12.15 9.01 11.46 9.98 11.39 10.798 18.79 14.39 11.4 15.24 11.22 15.24 9.73 12.55 14.17 13.637

AVG
TEMP

BR

MW-04C

AVG
TEMP

SOB = shallow overburden (bottom of screen 20 feet or less below grade), DOB = deep overburden (bottom of screen more than 20 feet below grade), OB/BR = screen 
crosses the overburden/bedrock interface, BR = bedrock

MW-06A

SOB

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-
40MAIN

DOB
MW-6B-
110713A

MW-6B-
110614A

MW-06B-
111417A

MW9A-
110712

MW-9A-
110613A

MW-9A-
110514A

MW-09A-
120215A

MW9B-
110712

MW-9B-
110613A

MW-9B-
110514A

MW-09B-
120215A

MW-
40MAIN-
111715A

11/07/13 11/06/14 11/14/17 11/07/12 11/06/13 11/05/14 12/02/15 11/07/12 11/06/13 11/05/14 12/02/15 11/15/17

14.94 13.61 12.86 13.803 12.83 13.95 14.9 12.31 13.498 11.58 14.22 13.3 12.25 12.8375 15.55

AVG
TEMP

AVG
TEMP

DOB

MW-09B

SOB DOB

MW-09AMW-06B

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 4 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW104A-
110712

MW-104A-
110613A

MW-104A-
110514A

MW-104A-
120215A

MW-104A-
111417A

MW104B-
110712

MW-104B-
110613A

MW-104B-
110514A

MW-104B-
120215A

MW-104B-
111317A

MW-107-
110713A

MW-107-
110614A

MW-107-
120315A

11/07/12 11/06/13 11/05/14 12/02/15 11/14/17 11/07/12 11/06/13 11/05/14 12/02/15 11/13/17 11/07/13 11/06/14 12/03/15

11.49 13.94 13.65 12.02 12.32 12.684 10.49 14.85 15.35 13.9 12.91 13.5 14.06 12.66 11.76 12.827

BRSOB
AVG

TEMP
AVG

TEMP
AVG

TEMP

BR

MW-104A MW-107MW-104B

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 5 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-110-
081512A

MW110-
110712

MW-110-
052213A

MW-110-
110613A

MW-110-
042914A

MW-110-
110514A

MW-110-
051315

MW-110-
113015A

MW-110-
111517A

MW-112A-
110513A

MW-112A-
110414A

MW-112A-
120115A

MW-112A-
111417A

08/15/12 11/07/12 05/22/13 11/06/13 04/29/14 11/05/14 05/13/15 11/30/15 11/15/17 11/05/13 11/04/14 12/01/15 11/14/17

15.16 10.93 12.71 13.7 9.09 14.34 12.77 11.15 12.36 12.468 12.9 13.76 11.58 12.46 12.675

BR
AVG

TEMP

MW-112A

BR

MW-110

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 6 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-113A

BR
MW-112B-
110513A

MW-112B-
110414A

MW-112B-
120115A

MW-112B-
111417A

MW113A-
110812

MW-113B-
081512A

MW113B-
110712

MW-113B-
052213A

MW-113B-
110613A

MW-113B-
110514A

MW-113B-
051315

MW-113B-
120115A

MW-113B-
111617A

11/05/13 11/04/14 12/01/15 11/14/17 11/08/12 08/15/12 11/07/12 05/22/13 11/06/13 11/05/14 05/13/15 12/01/15 11/16/17

13.06 14.16 11.75 12.23 12.8 9.72 14.89 11.37 14.31 11.51 12.34 8.58 11.09 12.28 12.046

DOB

MW-112B

DOB

MW-113B

AVG
TEMP

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 7 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-115A-
081412A

MW115A-
110512

MW-115A-
052013A

MW-115A-
110513A

MW-115A-
042914A

MW-115A-
110314A

MW-115A-
051215A

MW-115A-
113015A

MW-115A-
111317A

08/14/12 11/05/12 05/20/13 11/05/13 04/29/14 11/03/14 05/12/15 11/30/15 11/13/17

14.27 11.9 15.44 12.55 9.98 12.59 12.72 11.23 12.14 12.536

BR

MW-115A

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 8 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-115B-
081412A

MW115B-
110512

MW-115B-
052013A

MW-115B-
110513A

MW-115B-
042914A

MW-115B-
110414A

MW-115B-
051215A

MW-115B-
113015A

MW-115B-
111317A

MW201-
110512

MW-201-
110413A

MW-201-
110414A

MW-201-
120215A

MW-201-
111417A

08/14/12 11/05/12 05/20/13 11/05/13 04/29/14 11/04/14 05/12/15 11/30/15 11/13/17 11/05/12 11/04/13 11/04/14 12/02/15 11/14/17

13.44 12.33 14.12 12.54 9.48 12.9 12.3 11.34 12.23 12.298 15.57 15.83 15.41 14.38 13.95 15.028

MW-115B

DOB SOB

MW-201

AVG
TEMP

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 9 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW202-
110512

MW-202-
110413A

MW-202-
110414A

MW-202-
120215A

MW-202-
111317A

MW-203A-
081312A

MW203A-
110512

MW-203A-
052113A

MW-203A-
110413A

MW-203A-
042914A

MW-203A-
110414A

MW-203A-
051115A

MW-203A-
120215A

MW-203A-
111317A

11/05/12 11/04/13 11/04/14 12/02/15 11/13/17 08/13/12 11/05/12 05/21/13 11/04/13 04/29/14 11/04/14 05/11/15 12/02/15 11/13/17

12.99 14.29 15.15 13.41 12.17 13.602 17.8 13.07 17.98 12.14 10.03 14.23 13.62 11.6 11.95 13.602

DOB

MW-202

BR

MW-203A

AVG
TEMP

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 10 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-203B-
081312A

MW203B-
110512

MW-203B-
052113A

MW-203B-
110413A

MW-203B-
042914A

MW-203B-
110414A

MW-203B-
051115A

MW-203B-
120215A

MW-203B-
111317A

MW204A-
110612

MW-204A-
110613A

MW-204A-
110414A

MW-204A-
120215A

08/13/12 11/05/12 05/21/13 11/04/13 04/29/14 11/04/14 05/11/15 12/02/15 11/13/17 11/06/12 11/06/13 11/04/14 12/02/15

16.22 14.09 13.22 13.08 9.97 14.08 12.27 12.67 12.26 13.096 15.34 17.17 15.81 13.48 15.45

MW-204A

DOB

MW-203B

BR
AVG

TEMP
AVG

TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 11 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW302-
110712

MW-302-
052213A

MW-302-
110513A

MW-302-
042814A

MW-302-
110414A

MW-302-
051315A

MW-302-
120315A

MW-302-
111517A

11/07/12 05/22/13 11/05/13 04/28/14 11/04/14 05/13/15 12/03/15 11/15/17

12.34 14.31 13.68 12.86 14.61 13.69 12.85 12.6 13.368

DOB

MW-302

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 12 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-304A-
081312A

MW304A-
110612

MW-304A-
052113A

MW-304A-
110513A

MW-304A-
042814

MW-304A-
110514A

MW-304A-
051215A

MW-304A-
120115A

MW-304A-
111617A

08/13/12 11/06/12 05/21/13 11/05/13 04/28/14 11/05/14 05/12/15 12/01/15 11/15/17

13.74 11.22 13.71 11.77 11.07 13.09 12.56 11.43 11.7 12.254

BR

MW-304A

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 13 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-304B-
081312A

MW304B-
110612

MW-304B-
052113A

MW-304B-
110513A

MW-304B-
042814A

MW-304B-
110514A

MW-304B-
051215A

MW-304B-
120115A

MW-304B-
111517A

08/13/12 11/06/12 05/21/13 11/05/13 04/28/14 11/05/14 05/12/15 12/01/15 11/15/17

14.44 12.23 13.74 12.24 11.08 13.34 12.29 11.69 12.02 12.563

MW-304B

DOB
AVG

TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 14 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-305B-
081512A

MW305B-
110612

MW-305B-
052113A

MW-305B-
110613A

MW-305B-
042914A

MW-305B-
110514A

MW-305B-
051215A

MW-305B-
113015A

MW-305B-
111417A

MW401-
110712

MW-401-
110513A

MW-401-
110414A

MW-401-
120115A

08/15/12 11/06/12 05/21/13 11/06/13 04/29/14 11/05/14 05/12/15 11/30/15 11/14/17 11/07/12 11/05/13 11/04/14 12/01/15

14.33 13.46 13.42 14.36 9.48 14.17 10.84 12.73 12.62 12.823 11.23 12.55 14.05 11.71 12.385

SOB

MW-305B

BR

MW-401

AVG
TEMP

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 15 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-404B

DOB
MW402-
110912

MW-402-
110713A

MW-402-
110514A

MW-402-
120215A

MW-404B-
111417A

MW-406A-
081412A

MW406A-
110712

MW-406A-
052013A

MW-406A-
110513A

MW-406A-
042814A

RMW-
406A-

110314A

MW-406A-
051115A

MW-406A-
113015A

11/09/12 11/07/13 11/05/14 12/02/15 11/14/17 08/14/12 11/07/12 05/20/13 11/05/13 04/28/14 11/03/14 05/11/15 11/30/15

11.95 11.68 12.95 10.74 11.83 13 18.45 14.39 28.85 15.31 13.13 14.98 13.66 13.97 16.593

BR

MW-406A

BR

MW-402

AVG
TEMP

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 16 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-503A MW-701S MW-702S

SOB SOB SOB
MW-406B-
081412A

MW406B-
110712

MW-406B-
052013A

MW-406B-
110513A

MW-406B-
042814A

MW-406B-
110314A

MW-406B-
051115A

MW-406B-
113015A

MW503A-
110912

MW503B-
110812

MW-503B-
110713A

MW-503B-
120215A

MW-701-
050218A

MW-702-
050218A

08/14/12 11/07/12 05/20/13 11/05/13 04/28/14 11/03/14 05/11/15 11/30/15 11/09/12 11/08/12 11/07/13 12/02/15 05/02/18 05/02/18

20.82 14.03 14.47 14.81 7.81 14.08 14.26 14.35 14.329 10.99 9.7 12.61 9.64 10.65 14.25 9.72

DOB

MW-406B

BR

MW-503B

AVG
TEMP

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 17 of 23

Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW/B-11

BR
MWB5-
110812

MW-B5-
110513A

MW-B5-
110414A

B-5-
120115A

B/MW-5-
111617A

MWB11-
110912

RMW116
A-110612

MW-116A-
110613A

RMW-
116A-

120315A
11/08/12 11/05/13 11/04/14 12/01/15 11/16/17 11/09/12 11/06/12 11/06/13 12/03/15

10.98 11.08 13.62 11.31 12.37 11.872 12.35 11.57 12.14 11.06 11.59

OB/BR

MW/B-5

BR

RMW-116A

AVG
TEMP

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-305A-
081512A

RMW305
A-110612

RMW-
305A-

052113A

MW-305A-
110613A

RMW-
305A-

042914A

RMW-
305A-

110514A

RMW-
305A-

051215A

RMW-
305A-

113015A

MW-305A-
111417A

08/15/12 11/06/12 05/21/13 11/06/13 04/29/14 11/05/14 05/12/15 11/30/15 11/14/17

15.91 11.69 12.92 13.87 10.25 13.74 12.89 11.79 12.33 12.821

BR

RMW-305A

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-403A-
081312A

MW403A-
110612

MW-403A-
052013A

MW-403A-
110413A

MW-403A-
042914A

MW-403A-
110314A

MW-403A-
051215A

MW-403A-
113015A

08/13/12 11/06/12 05/20/13 11/04/13 04/29/14 11/03/14 05/12/15 11/30/15

13.25 11.87 12.06 11.41 10.14 11.75 11.34 11.49 11.664

BR

RMW-403A

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

MW-403B-
081312A

MW403B-
110612

RMW-
403B-

052013A

MW-403B-
110513A

RMW-
403B-

042914A

RMW-
403B-

110414A

RMW-
403B-

051215A

RMW-
403B-

120115A
08/13/12 11/06/12 05/20/13 11/05/13 04/29/14 11/04/14 05/12/15 12/01/15

14.52 12.91 11.83 10.27 8.1 13.29 10.87 12.25 11.755

SOB

RMW-403B

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

RMW-
405A-

081412A

MW405A-
110512

RMW-
405A-
0520A

MW-405A-
110513A

RMW-
405A-

042914A

RMW-
405A-

110314A

RMW-
405A-

051315A

RMW-
405A-

113015A

MW-405A-
111517A

08/14/12 11/05/12 05/20/13 11/05/13 04/29/14 11/03/14 05/13/15 11/30/15 11/15/17

13.08 13.76 15.13 13.84 10.51 13.6 12.46 12.13 13.65 13.129

BR

RMW-405A

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

RMW-
405B-

081412A

MW-405B-
110512

RMW-
405B-

052013A

MW-405B-
110513A

RMW-
405B-

042914A

RMW-
405B-

110314A

MW-405B-
051315A

RMW-
405B-

113015A

MW-405B-
111517A

RWS1-
110812

RW-1-
110613A

RW-1-
110514A

RW-1-
120115A

RW-01-
111617A

08/14/12 11/05/12 05/20/13 11/05/13 04/29/14 11/03/14 05/13/15 11/30/15 11/15/17 11/08/12 11/06/13 11/05/14 12/01/15 11/16/17

14.98 13.05 13.63 13.58 10.7 13.34 12.51 12.89 14.11 13.199 12.88 13.63 14.46 11.64 12.58 13.038

OB/BR

RW-1

DOB

RMW-405B

AVG
TEMP

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 3
Historical Groundwater Temperature Results - All

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
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Sample Location

Aquifer
Sample ID

Sample Date
Field Measurement
Temperature (°C)

SB600-
110912

SB-600-
110613A

SB-600-
110614A

F-DUP-03-
110614A

SB-600-
120215A

WP105-
110612

WP-105-
10513A

WP-105-
110414A

WP-105-
120315A

11/09/12 11/06/13 11/06/14 11/06/14 12/02/15 11/06/12 11/05/13 11/04/14 12/03/15

13.03 13.13 11.87 11.87 11.04 12.188 12.64 13.73 14.89 11.04 13.075

BR

SB-600

SOB

WP-105

AVG
TEMP

AVG
TEMP

Nobis Engineering, Inc.
Red - GW-1 Exceeded; Shading - GW-2 Exceeded U - Not Detected; J - Estimated; R - Rejected; NA - Not Analyzed

Red = Criterion exceeded



Table 4
Overburden VOC Plume Soil Descriptions

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 1

0 - 5' 5 - 10' 10 - 15' 1 - 5' Description 5 - 10' Description
MADEP-MW-1
MW-04A/B
MW/B-5 Y Y N Organic soil above silt Silt above silty sand
MW-06B
MW-09A
MW/B-11 Y Y (BR) Sand with silt and gravel above sandy organics Sandy organics above silt, above silty sand with gravel
MW-102 Y Y Y Fine sandy Silt, trace medium gravel Interbedded silty fine sand to silty fine to coarse sand, some gravel
MW-103 Y N Y Silty fine Sand, some gravel and cobbles Medium-coarse sand, trace fine gravel and cobbles
MW-104A/B Y Y N Fine-Medium Sand, some silt, trace coarse sand Fine-medium Sand, some silt, trace coarse sand

MW-106 Y Y Y
Fine to medium sand, some gravel interbedded with organic 
silt

Interbedded fine to coarse sand with silty fine sand and silty fine-
medium sand

MW-107 Y N N Silty fine Sand, some gravel Fine-medium Sand
MW-110 N Y N Fine-coarse Sand, some gravel Silty fine Sand, some gravel
MW-112A/B Y N N Silty fine Sand, some coarse sand Medium-coarse sand and gravel
MW-113A/B Y Y Y Silty fine Sand, trace coarse sand and fine gravel Silty fine Sand above fine sand with gravel
MW-115A/B Y Y Y Fine-medium Sand with silt and organics Fine-medium Sand with silt
MW-201 Y Y Y Fine-medium Sand with silt and trace gravel Silty Sand (top 0.1'); above fine-medium Sand, little silt and gravel

MW-202 Y Y N
Fine-medium Sand with some silt, trace gravel, brick and 
rubble

Fine-medium Sand, little silt and gravel, some rubble and weathered 
granite

MW-203A/B Y Y N Silty Sand with some gravel Silty Sand with some gravel
MW-204A/B Y Y N Fine sandy Silt, trace gravel Silty fine Sand

MW-302 Y Y Y Fine-medium Sand with some silt, trace gravel
Fine-medium Sand, some silt, trace to little gravel, some rubble and 
ash

MW-304A/B N N N Wood and fine-medium SAND Wood, some sand

RMW-405A/B N N N Coarse sand; very fine sand layer at 1.0 feet
Fine Sand, little medium sand, trace coarse sand, interbedded iron 
staining/anoxic black zones

MW-701S Y Y Y Topsoil above fine to medium sand, some gravel, little silt Fine to medium sand, some gravel, little silt
MW-702S Y Y Y Topsoil above fine to medium sand, some gravel, little silt Fine to medium sand, some gravel, little silt
RW-1

Notes:
1. Borings in red are located within overburden plume footprintg
2. Fines include silt and clay. Clay only noted in MW/113A from 0-15 feet; all other borings encountered silt only from 0-15 feet.
3. BR = bedrock encountered above target depth.
3. All depths in feet below ground surface.

Monitoring 
Well

Description - Top 10 feet of boringFines Present? Y/N

Boring log not located

Boring log not located

Boring log not located
Boring log not located

Boring log not located



Table 4
Overburden VOC Plume Soil Descriptions

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 1

0 - 5' 5 - 10' 10 - 15' 1 - 5' Description 5 - 10' Description
MADEP-MW-1
MW-04A/B
MW/B-5 Y Y N Organic soil above silt Silt above silty sand
MW-06B
MW-09A
MW/B-11 Y Y (BR) Sand with silt and gravel above sandy organics Sandy organics above silt, above silty sand with gravel
MW-102 Y Y Y Fine sandy Silt, trace medium gravel Interbedded silty fine sand to silty fine to coarse sand, some gravel
MW-103 Y N Y Silty fine Sand, some gravel and cobbles Medium-coarse sand, trace fine gravel and cobbles
MW-104A/B Y Y N Fine-Medium Sand, some silt, trace coarse sand Fine-medium Sand, some silt, trace coarse sand

MW-106 Y Y Y
Fine to medium sand, some gravel interbedded with organic 
silt

Interbedded fine to coarse sand with silty fine sand and silty fine-
medium sand

MW-107 Y N N Silty fine Sand, some gravel Fine-medium Sand
MW-110 N Y N Fine-coarse Sand, some gravel Silty fine Sand, some gravel
MW-112A/B Y N N Silty fine Sand, some coarse sand Medium-coarse sand and gravel
MW-113A/B Y Y Y Silty fine Sand, trace coarse sand and fine gravel Silty fine Sand above fine sand with gravel
MW-115A/B Y Y Y Fine-medium Sand with silt and organics Fine-medium Sand with silt
MW-201 Y Y Y Fine-medium Sand with silt and trace gravel Silty Sand (top 0.1'); above fine-medium Sand, little silt and gravel

MW-202 Y Y N
Fine-medium Sand with some silt, trace gravel, brick and 
rubble

Fine-medium Sand, little silt and gravel, some rubble and weathered 
granite

MW-203A/B Y Y N Silty Sand with some gravel Silty Sand with some gravel
MW-204A/B Y Y N Fine sandy Silt, trace gravel Silty fine Sand

MW-302 Y Y Y Fine-medium Sand with some silt, trace gravel
Fine-medium Sand, some silt, trace to little gravel, some rubble and 
ash

MW-304A/B N N N Wood and fine-medium SAND Wood, some sand

RMW-405A/B N N N Coarse sand; very fine sand layer at 1.0 feet
Fine Sand, little medium sand, trace coarse sand, interbedded iron 
staining/anoxic black zones

MW-701S Y Y Y Topsoil above fine to medium sand, some gravel, little silt Fine to medium sand, some gravel, little silt
MW-702S Y Y Y Topsoil above fine to medium sand, some gravel, little silt Fine to medium sand, some gravel, little silt
RW-1

Notes:
1. Borings in red are located within overburden plume footprintg
2. Fines include silt and clay. Clay only noted in MW/113A from 0-15 feet; all other borings encountered silt only from 0-15 feet.
3. BR = bedrock encountered above target depth.
3. All depths in feet below ground surface.

Monitoring 
Well

Description - Top 10 feet of boringFines Present? Y/N

Boring log not located

Boring log not located

Boring log not located
Boring log not located

Boring log not located



Chemical
CAS

Number

Target
Indoor Air

Conc.
(TCR=0.0001 or

THQ=1)
MIN(Cia,c,Cia,nc)

(µg/m3)

Target
Sub-Slab and
Near-source

Soil Gas
Conc.

(TCR=0.0001 or
THQ=1)

Csg,Target
(µg/m3)

Target
Groundwater

Conc.
(TCR=0.0001 

or
THQ=1)

Cgw,Target
(µg/L)

Is Target
Groundwater

Conc.
< MCL?

(Cgw < MCL?)

Pure Phase
Vapor
Conc.

Cvp 

(15 ℃) 
(µg/m3)

Maximum
Groundwater

Vapor
Conc.

Chc 

(µg/m3)

Temperature
for Maximum
Groundwater

Vapor
Conc.

(℃)

Lower
Explosive

Limit
LEL

(% by
volume)

Carcinogenic
VISL

TCR=0.0001
Cia,c(µg/m3)

Non-
carcinogenic

VISL
THQ=1

Cia,nc(µg/m3)
Acenaphthene 83-32-9 - - - 17800 11800 15 0.80 - -
Acephate 30560-19-1 - - - 17 17 15 - - -
Acetaldehyde 75-07-0 9 313 9580 -- 2140000000 1960000000 15 4.00 128 9
Acetochlor 34256-82-1 - - - 406 203 15 - - -
Acetone 67-64-1 32200 1070000 67500000 -- 723000000 954000000 15 2.50 - 32200
Acetone Cyanohydrin 75-86-5 2 - - 1560000 40400 15 2.20 - 2
Acetonitrile 75-05-8 63 2090 136000 -- 196000000 917000000 15 3.00 - 63
Acetophenone 98-86-2 - - - 2570000 1250000 15 1.10 - -
Acetylaminofluorene, 2- 53-96-3 0 - - 1 0 15 - 0 -
Acrolein 107-02-8 0 1 12 -- 826000000 716000000 15 2.80 - 0
Acrylamide 79-06-1 1 - - 26800 8040 15 2.70 1 6
Acrylic Acid 79-10-7 1 35 289000 -- 15400000 7220000 15 2.40 - 1
Acrylonitrile 107-13-1 2 70 1190 -- 310000000 262000000 15 3.00 4 2
Adiponitrile 111-69-3 6 - - 3950 1310 15 1.00 - 6
Alachlor 15972-60-8 - - - 319 82 15 - - -
Aldicarb 116-06-3 - - - 355 355 15 - - -
Aldicarb Sulfone 1646-88-4 - - - 1080 1380 15 - - -
Aldrin 309-00-2 0 2 823 -- 2360 2 15 - 0 -
Allyl Alcohol 107-18-6 0 3 1900 -- 81500000 110000000 15 2.50 - 0
Allyl Chloride 107-05-1 1 35 7 -- 1510000000 1020000000 15 2.90 47 1
Aluminum 7429-90-5 5 - - 0 - 15 - - 5
Aluminum Phosphide 20859-73-8 - - - - - 15 - - -
Aluminum metaphosphate 13776-88-0 - - - - - 15 - - -
Ametryn 834-12-8 - - - 34 21 15 - - -
Aminobiphenyl, 4- 92-67-1 0 - - 1060 496 15 0.70 0 -
Aminophenol, m- 591-27-5 - - - 56100 105 15 - - -
Aminophenol, o- 95-55-6 - - - 56100 162 15 - - -
Aminophenol, p- 123-30-8 - - - 235 107 15 - - -
Amitraz 33089-61-1 - - - 32 404 15 - - -
Ammonia 7664-41-7 521 17400 2050000 -- 6880000000 245000000 15 16.00 - 521
Ammonium Perchlorate 7790-98-9 - - - - - 15 - - -
Ammonium Sulfamate 7773-06-0 - - - 0 - 15 - - -
Ammonium polyphosphate 68333-79-9 - - - - - 15 - - -
Amyl Alcohol, tert- 75-85-4 3 104 20400 -- 79200000 33700000 15 1.20 - 3
Aniline 62-53-3 1 - - 3340000 1500000 15 1.30 175 1
Anthracene 120-12-7 - - - 63 35 15 0.60 - -
Anthraquinone, 9,10- 84-65-1 - - - 1 0 15 - - -
Antimony (metallic) 7440-36-0 - - - 0 - 15 - - -
Antimony Pentoxide 1314-60-9 - - - - - 15 - - -
Antimony Tetroxide 1332-81-6 - - - - - 15 - - -
Antimony Trioxide 1309-64-4 0 - - - - 15 - - 0
Aroclor 1016 12674-11-2 14 468 3430 -- 11800 3430 15 - 14 -
Aroclor 1221 11104-28-2 0 16 105 -- 68000 140000 15 - 0 -
Aroclor 1232 11141-16-5 0 16 33 -- 41200 43600 15 - 0 -
Aroclor 1242 53469-21-9 0 16 201 -- 1360 1350 15 - 0 -
Aroclor 1248 12672-29-6 0 16 55 -- 16400 1800 15 - 0 -

Table 5: Resident Vapor Intrusion Screening Levels (VISL)
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Aroclor 1254 11097-69-1 0 16 249 -- 1350 170 15 - 0 -
Aroclor 1260 11096-82-5 0 16 72 -- 861 198 15 - 0 -
Aroclor 5460 11126-42-4 - - - 133 272 15 - - -
Arsenic, Inorganic 7440-38-2 0 - - - - 15 - 0 0
Arsine 7784-42-1 0 - - - - 15 5.10 - 0
Asulam 3337-71-1 - - - 18 0 15 - - -
Atrazine 1912-24-9 - - - 3 3 15 - - -
Auramine 492-80-8 1 - - 19 4 15 - 1 -
Avermectin B1 65195-55-3 - - - 0 0 15 - - -
Azinphos-methyl 86-50-0 10 - - 27 20 15 - - 10
Azobenzene 103-33-3 9 302 78900 -- 3540 1470 15 - 9 -
Azodicarbonamide 123-77-3 0 - - 0 0 15 - - 0
Barium 7440-39-3 1 - - - - 15 - - 1
Benfluralin 1861-40-1 - - - 1180 1190 15 - - -
Benomyl 17804-35-2 - - - 0 0 15 - - -
Bensulfuron-methyl 83055-99-6 - - - 0 0 15 - - -
Bentazon 25057-89-0 - - - 45 45 15 - - -
Benz[a]anthracene 56-55-3 2 - - 3 1 15 - 2 -
Benzaldehyde 100-52-7 - - - 7250000 3830000 15 1.40 - -
Benzene 71-43-2 31 1040 428 No (5) 398000000 262000000 15 1.20 36 31
Benzenediamine-2-methyl sulfate, 1,4- 6369-59-1 - - - 0 0 15 - - -
Benzenethiol 108-98-5 - - - 11400000 6080000 15 1.20 - -
Benzidine 92-87-5 0 - - 9 0 15 1.40 0 -
Benzo(j)fluoranthene 205-82-3 3 - - 0 0 15 - 3 -
Benzo[a]pyrene 50-32-8 0 - - 0 0 15 - 0 0
Benzo[b]fluoranthene 205-99-2 2 - - 7 0 15 - 2 -
Benzo[k]fluoranthene 207-08-9 17 - - 0 0 15 - 17 -
Benzoic Acid 65-85-0 - - - 4600 2140 15 1.40 - -
Benzotrichloride 98-07-7 - - - 4350000 282000 15 1.60 - -
Benzyl Alcohol 100-51-6 - - - 547000 253000 15 1.30 - -
Benzyl Chloride 100-44-7 1 35 224 -- 8370000 4890000 15 1.10 6 1
Beryllium and compounds 7440-41-7 0 - - 0 - 15 - 0 0
Bifenox 42576-02-3 - - - 2 2 15 - - -
Biphenthrin 82657-04-3 - - - 4 0 15 - - -
Biphenyl, 1,1'- 92-52-4 0 14 148 -- 74100 42300 15 0.60 - 0
Bis(2-chloro-1-methylethyl) ether 108-60-1 - - - 5150000 2650000 15 - - -
Bis(2-chloroethoxy)methane 111-91-1 - - - 1230000 597000 15 - - -
Bis(2-chloroethyl)ether 111-44-4 1 28 5200 -- 11900000 5630000 15 2.70 1 -
Bis(2-ethylhexyl)phthalate 117-81-7 117 - - 3 1 15 0.30 117 -
Bis(chloromethyl)ether 542-88-1 0 0 0 -- 182000000 2320000000 15 6.50 0 -
Bisphenol A 80-05-7 - - - 5 0 15 0.60 - -
Boron And Borates Only 7440-42-8 21 - - - - 15 - - 21
Boron Trichloride 10294-34-5 21 - - 6300000 - 15 - - 21
Boron Trifluoride 7637-07-2 14 - - 133000000000 - 15 - - 14
Bromate 15541-45-4 - - - - - 15 - - -
Bromo-2-chloroethane, 1- 107-04-0 0 16 45 -- 255000000 143000000 15 - 0 -
Bromo-3-fluorobenzene, 1- 1073-06-9 - - - 26700000 21800000 15 - - -
Bromo-4-fluorobenzene, 1- 460-00-4 - - - 26700000 7850000 15 - - -
Bromobenzene 108-86-1 63 2090 2500 -- 35300000 22400000 15 1.50 - 63
Bromochloromethane 74-97-5 42 1390 2120 -- 992000000 656000000 15 - - 42
Bromodichloromethane 75-27-4 8 253 280 No (80) 441000000 164000000 15 - 8 -
Bromoform 75-25-2 255 8510 42800 No (80) 73400000 37000000 15 - 255 -
Bromomethane 74-83-9 5 174 47 -- 8250000000 3400000000 15 10.00 - 5
Bromophos 2104-96-3 - - - 2510 2510 15 - - -
Bromopropane, 1- 106-94-5 104 3480 1060 -- 733000000 480000000 15 - - 104
Bromoxynil 1689-84-5 - - - 1 1 15 - - -
Bromoxynil Octanoate 1689-99-2 - - - 104 104 15 - - -
Butadiene, 1,3- 106-99-0 2 70 2 -- 6130000000 1690000000 15 2.00 9 2
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Butanoic acid, 4-(2,4-dichlorophenoxy)- 94-82-6 - - - 149 4 15 - - -
Butanol, N- 71-36-3 - - - 26700000 11300000 15 1.40 - -
Butyl Benzyl Phthalate 85-68-7 - - - 139 49 15 - - -
Butyl alcohol, sec- 78-92-2 31300 1040000 321000000 -- 73100000 35300000 15 1.70 - 31300
Butylate 2008-41-5 - - - 152000 155000 15 - - -
Butylated hydroxyanisole 25013-16-5 4930 - - 48100 4460 15 - 4930 -
Butylated hydroxytoluene 128-37-0 - - - 61200 37 15 0.50 - -
Butylbenzene, n- 104-51-8 - - - 7680000 3980000 15 0.80 - -
Butylbenzene, sec- 135-98-8 - - - 12600000 5730000 15 0.80 - -
Butylbenzene, tert- 98-06-6 - - - 15900000 7180000 15 0.70 - -
Butylphthalyl Butylglycolate 85-70-1 - - - 128 7 15 - - -
Cacodylic Acid 75-60-5 - - - 1 1 15 - - -
Cadmium (Water) 7440-43-9 0 - - 0 - 15 - 0 0
Calcium Cyanide 592-01-8 - - - - - 15 - - -
Calcium pyrophosphate 7790-76-3 - - - - - 15 - - -
Caprolactam 105-60-2 2 - - 9740 306000 15 0.30 - 2
Captafol 2425-06-1 7 - - 0 0 15 - 7 -
Captan 133-06-2 425 - - 1 1 15 - 425 -
Carbaryl 63-25-2 - - - 15 15 15 - - -
Carbofuran 1563-66-2 - - - 58 40 15 - - -
Carbon Disulfide 75-15-0 730 24300 3540 -- 1470000000 891000000 15 1.30 - 730
Carbon Tetrachloride 56-23-5 47 1560 127 No (5) 951000000 586000000 15 - 47 104
Carbonyl Sulfide 463-58-1 104 3480 8 -- 30400000000 31500000000 15 12.00 - 104
Carbosulfan 55285-14-8 - - - 6 6 15 - - -
Carboxin 5234-68-4 - - - 2 2 15 - - -
Ceric oxide 1306-38-3 1 - - - - 15 - - 1
Chloral Hydrate 302-17-0 - - - 133000000 115000 15 - - -
Chloramben 133-90-4 - - - 1 1 15 - - -
Chloranil 118-75-2 - - - 30 3 15 - - -
Chlordane 12789-03-6 1 24 4860 No (2) 220 17 15 - 3 1
Chlordecone (Kepone) 143-50-0 0 - - 6 6 15 - 0 -
Chlorfenvinphos 470-90-6 - - - 145 147 15 - - -
Chlorimuron, Ethyl- 90982-32-4 - - - 0 0 15 - - -
Chlorine 7782-50-5 0 5 1 Yes (4000) 22300000000 2410000000 15 - - 0
Chlorine Dioxide 10049-04-4 0 - - 2750000000 - 15 - - 0
Chlorite (Sodium Salt) 7758-19-2 - - - - - 15 - - -
Chloro-1,1-difluoroethane, 1- 75-68-3 52100 1740000 782000 -- 13800000000 187000000 15 6.00 - 52100
Chloro-1,3-butadiene, 2- 126-99-8 1 31 1 -- 1030000000 1250000000 15 4.00 1 21
Chloro-2-methylaniline HCl, 4- 3165-93-3 - - - 391000 60800 15 - - -
Chloro-2-methylaniline, 4- 95-69-2 4 - - 311000 35700 15 - 4 -
Chloroacetaldehyde, 2- 107-20-0 - - - 271000000 65600000 15 5.70 - -
Chloroacetophenone, 2- 532-27-4 0 - - 44900 71200 15 - - 0
Chloroaniline, p- 106-47-8 - - - 185000 80600 15 2.20 - -
Chlorobenzene 108-90-7 52 1740 1400 No (100) 72500000 37000000 15 1.30 - 52
Chlorobenzene sulfonic acid, p- 98-66-8 - - - 44 23300 15 - - -
Chlorobenzilate 510-15-6 9 - - 39 39 15 - 9 -
Chlorobenzoic Acid, p- 74-11-3 - - - 19600 236 15 - - -
Chlorobenzotrifluoride, 4- 98-56-6 313 10400 797 -- 74100000 22800000 15 1.80 - 313
Chlorobutane, 1- 109-69-3 - - - 504000000 484000000 15 1.90 - -
Chlorodifluoromethane 75-45-6 52100 1740000 76900 -- 33700000000 3760000000 15 - - 52100
Chloroethanol, 2- 107-07-3 - - - 31100000 16000000 15 4.90 - -
Chloroform 67-66-3 12 407 244 No (80) 1260000000 795000000 15 - 12 102
Chloromethane 74-87-3 94 3130 662 -- 11700000000 1510000000 15 8.10 - 94
Chloromethyl Methyl Ether 107-30-2 0 14 97 -- 130000000 584000000 15 - 0 -
Chloronaphthalene, Beta- 91-58-7 - - - 107000 67400 15 - - -
Chloronitrobenzene, o- 88-73-3 0 - - 154000 68100 15 - - 0
Chloronitrobenzene, p- 100-00-5 2 - - 186000 18400 15 - - 2
Chlorophenol, 2- 95-57-8 - - - 17500000 2700000 15 1.70 - -
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Chloropicrin 76-06-2 0 14 17 -- 212000000 81900000 15 - - 0
Chlorothalonil 1897-45-6 315 - - 8 25 15 - 315 -
Chlorotoluene, o- 95-49-8 - - - 23400000 30000000 15 1.30 - -
Chlorotoluene, p- 106-43-4 - - - 18300000 9840000 15 1.30 - -
Chlorozotocin 54749-90-5 0 - - 0 0 15 - 0 -
Chlorpropham 101-21-3 - - - 2070 2070 15 - - -
Chlorpyrifos 2921-88-2 - - - 382 134 15 - - -
Chlorpyrifos Methyl 5598-13-0 - - - 729 730 15 - - -
Chlorsulfuron 64902-72-3 - - - 0 0 15 - - -
Chlorthal-dimethyl 1861-32-1 - - - 45 20 15 - - -
Chlorthiophos 60238-56-4 - - - 7710000 15 15 - - -
Chromium(III), Insoluble Salts 16065-83-1 - - - - - 15 - - -
Chromium(VI) 18540-29-9 0 - - - - 15 - 0 0
Chrysene 218-01-9 169 - - 0 0 15 0.50 169 -
Clofentezine 74115-24-5 - - - 0 0 15 - - -
Cobalt 7440-48-4 0 - - 0 - 15 - 0 0
Coke Oven Emissions 8007-45-2 0 - - - - 15 - 0 -
Copper 7440-50-8 - - - 0 - 15 - - -
Copper Cyanide 544-92-3 - - - - - 15 - - -
Cresol, m- 108-39-4 626 - - 640000 357000 15 1.10 - 626
Cresol, o- 95-48-7 626 - - 1740000 602000 15 1.40 - 626
Cresol, p- 106-44-5 626 - - 640000 395000 15 1.10 - 626
Cresol, p-chloro-m- 59-50-7 - - - 383000 180000 15 - - -
Cresols 1319-77-3 626 - - 2970000 106000 15 - - 626
Crotonaldehyde, trans- 123-73-9 - - - 113000000 123000000 15 2.10 - -
Cumene 98-82-8 417 13900 3580 -- 29100000 14300000 15 0.90 - 417
Cupferron 135-20-6 4 - - 525 90000 15 - 4 -
Cyanazine 21725-46-2 - - - 2 0 15 - - -
Cyanide (CN-) 57-12-5 1 28 402 No (200) 431000000 396000000 15 - - 1
Cyanogen 460-19-5 - - - 12000000000 1360000000 15 6.60 - -
Cyanogen Bromide 506-68-3 - - - 693000000 - 15 - - -
Cyanogen Chloride 506-77-4 - - - 4050000000 3390000000 15 6.60 - -
Cyclohexane 110-82-7 6260 209000 3140 -- 438000000 219000000 15 1.30 - 6260
Cyclohexane, 1,2,3,4,5-pentabromo-6-chloro- 87-84-3 - - - 96 2 15 - - -
Cyclohexanone 108-94-1 730 24300 8090000 -- 22900000 4510000 15 1.10 - 730
Cyclohexene 110-83-8 1040 34800 1740 -- 393000000 256000000 15 1.20 - 1040
Cyclohexylamine 108-91-8 - - - 53900000 97300000 15 1.90 - -
Cyfluthrin 68359-37-5 - - - 0 0 15 - - -
Cyhalothrin 68085-85-8 - - - 0 0 15 - - -
Cyromazine 66215-27-8 - - - 0 0 15 - - -
DDD, p,p`- (DDD) 72-54-8 4 - - 23 24 15 - 4 -
DDE, p,p'- 72-55-9 3 97 10400 -- 103 22 15 - 3 -
DDT 50-29-3 3 - - 3 1 15 - 3 -
Dalapon 75-99-0 - - - 1160000 601000 15 - - -
Daminozide 1596-84-5 55 - - 1720 1730 15 - 55 -
Decabromodiphenyl ether, 2,2',3,3',4,4',5,5',6,6'-
(BDE-209) 1163-19-5 - - - 0 0 15 - - -
Demeton 8065-48-3 - - - 9450 104000 15 - - -
Di(2-ethylhexyl)adipate 103-23-1 - - - 17 4 15 0.40 - -
Diallate 2303-16-4 - - - 2180 2170 15 - - -
Diammonium phosphate 7783-28-0 - - - - - 15 - - -
Diazinon 333-41-5 - - - 1470 185 15 - - -
Dibenz[a,h]anthracene 53-70-3 0 - - 0 0 15 - 0 -
Dibenzo(a,e)pyrene 192-65-4 0 - - 0 0 15 - 0 -
Dibenzofuran 132-64-9 - - - 22400 168 15 0.80 - -
Dibenzothiophene 132-65-0 - - - 2030 371 15 - - -
Dibromo-3-chloropropane, 1,2- 96-12-8 0 1 11 No (0) 7370000 3710000 15 - 0 0
Dibromobenzene, 1,3- 108-36-1 - - - 3410000 1670000 15 - - -
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Dibromobenzene, 1,4- 106-37-6 - - - 730000 352000 15 - - -
Dibromochloromethane 124-48-1 - - - 62100000 61100000 15 - - -
Dibromoethane, 1,2- 106-93-4 0 16 59 No (0) 113000000 61600000 15 - 0 9
Dibromomethane (Methylene Bromide) 74-95-3 4 139 399 -- 415000000 249000000 15 - - 4
Dibutyl Phthalate 84-74-2 - - - 301 159 15 0.50 - -
Dibutyltin Compounds NA - - - - - 15 - - -
Dicalcium phosphate 7757-93-9 - - - - - 15 - - -
Dicamba 1918-00-9 - - - 149 741 15 - - -
Dichloro-2-butene, 1,4- 764-41-0 0 2 1 -- 20200000 101000000 15 - 0 -
Dichloro-2-butene, cis-1,4- 1476-11-5 0 2 9 -- 27500000 8560000 15 2.50 0 -
Dichloro-2-butene, trans-1,4- 110-57-6 0 2 9 -- 23100000 12500000 15 1.50 0 -
Dichloroacetic Acid 79-43-6 - - - 1240000 148000 15 - - -
Dichlorobenzene, 1,2- 95-50-1 209 6950 9990 No (600) 10800000 6510000 15 2.20 - 209
Dichlorobenzene, 1,4- 106-46-7 26 851 975 No (75) 13800000 4260000 15 1.80 26 834
Dichlorobenzidine, 3,3'- 91-94-1 1 - - 3 0 15 - 1 -
Dichlorobenzophenone, 4,4'- 90-98-2 - - - 86 13 15 - - -
Dichlorodifluoromethane 75-71-8 104 3480 18 -- 31500000000 3180000000 15 - - 104
Dichloroethane, 1,1- 75-34-3 175 5850 2280 -- 1210000000 777000000 15 5.40 175 -
Dichloroethane, 1,2- 107-06-2 7 243 480 No (5) 420000000 261000000 15 6.20 11 7
Dichloroethylene, 1,1- 75-35-4 209 6950 551 No (7) 3130000000 1830000000 15 6.50 - 209
Dichloroethylene, 1,2-cis- 156-59-2 - - - 1040000000 703000000 15 3.00 - -
Dichloroethylene, 1,2-trans- 156-60-5 - - - 1730000000 1170000000 15 6.00 - -
Dichlorophenol, 2,4- 120-83-2 - - - 789000 481000 15 - - -
Dichlorophenoxy Acetic Acid, 2,4- 94-75-7 - - - 981 980 15 - - -
Dichloropropane, 1,2- 78-87-5 4 139 115 No (5) 324000000 202000000 15 3.40 76 4
Dichloropropane, 1,3- 142-28-9 - - - 110000000 64400000 15 3.40 - -
Dichloropropanol, 2,3- 616-23-9 - - - 1280000 4750 15 - - -
Dichloropropene, 1,3- 542-75-6 21 695 477 -- 203000000 245000000 15 5.30 70 21
Dichlorvos 62-73-7 1 - - 187000 188000 15 - 3 1
Dicrotophos 141-66-2 - - - 2040 2060 15 - - -
Dicyclopentadiene 77-73-6 0 10 0 -- 16300000 59700000 15 1.00 - 0
Dieldrin 60-57-1 0 - - 121 22 15 - 0 -
Diesel Engine Exhaust NA 1 - - - - 15 - 1 5
Diethanolamine 111-42-2 0 - - 1580 453 15 2.00 - 0
Diethyl Phthalate 84-66-2 - - - 25100 8910 15 0.70 - -
Diethylene Glycol Monobutyl Ether 112-34-5 0 - - 191000 108000 15 0.90 - 0
Diethylene Glycol Monoethyl Ether 111-90-0 0 - - 909000 399000 15 1.20 - 0
Diethylformamide 617-84-5 - - - 6580000 2410000 15 - - -
Diethylstilbestrol 56-53-1 0 - - 0 0 15 - 0 -
Difenzoquat 43222-48-6 - - - 0 - 15 - - -
Diflubenzuron 35367-38-5 - - - 0 0 15 - - -
Difluoroethane, 1,1- 75-37-6 41700 1390000 127000 -- 16200000000 2100000000 15 3.70 - 41700
Difluoropropane, 2,2- 420-45-1 31300 1040000 3900 -- 7750000000 2550000000 15 - - 31300
Dihydrosafrole 94-58-6 22 720 182000 -- 495000 13500 15 - 22 -
Diisopropyl Ether 108-20-3 730 24300 21300 -- 819000000 604000000 15 1.40 - 730
Diisopropyl Methylphosphonate 1445-75-6 - - - 2210000 1420000 15 - - -
Dimagnesium phosphate 7782-75-4 - - - - - 15 - - -
Dimethipin 55290-64-7 - - - 4 4 15 - - -
Dimethoate 60-51-5 - - - 231 231 15 - - -
Dimethoxybenzidine, 3,3'- 119-90-4 - - - 2 0 15 - - -
Dimethyl methylphosphonate 756-79-6 - - - 5560000 2910000 15 - - -
Dimethylamino azobenzene [p-] 60-11-7 0 - - 1 0 15 - 0 -
Dimethylaniline HCl, 2,4- 21436-96-4 - - - 1160000 346000 15 - - -
Dimethylaniline, 2,4- 95-68-1 - - - 867000 294000 15 - - -
Dimethylaniline, N,N- 121-69-7 - - - 4560000 1410000 15 1.20 - -
Dimethylbenz(a)anthracene, 7,12- 57-97-6 0 - - 9 9 15 - 0 -
Dimethylbenzidine, 3,3'- 119-93-7 - - - 8 2 15 - - -
Dimethylformamide 68-12-2 31 1040 44300000 -- 15200000 1410000 15 2.20 - 31
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Dimethylhydrazine, 1,1- 57-14-7 0 0 13 -- 527000000 332000000 15 2.00 - 0
Dimethylhydrazine, 1,2- 540-73-8 0 0 1920 -- 226000000 1830000 15 - 0 -
Dimethylphenol, 2,4- 105-67-9 - - - 670000 132000 15 1.10 - -
Dimethylphenol, 2,6- 576-26-1 - - - 1120000 760000 15 1.40 - -
Dimethylphenol, 3,4- 95-65-8 - - - 234000 32400 15 1.10 - -
Dimethylterephthalate 120-61-6 - - - 104000 38100 15 1.00 - -
Dimethylvinylchloride 513-37-1 22 720 1340 -- 1030000000 32300000 15 - 22 -
Dinitro-o-cresol, 4,6- 534-52-1 - - - 1280 11300 15 - - -
Dinitro-o-cyclohexyl Phenol, 4,6- 131-89-5 - - - 1 34 15 - - -
Dinitrobenzene, 1,2- 528-29-0 - - - 411 86 15 1.80 - -
Dinitrobenzene, 1,3- 99-65-0 - - - 8140 343 15 - - -
Dinitrobenzene, 1,4- 100-25-4 - - - 236 74 15 1.80 - -
Dinitrophenol, 2,4- 51-28-5 - - - 3860 9810 15 - - -
Dinitrotoluene Mixture, 2,4/2,6- NA - - - 21100 4380 15 - - -
Dinitrotoluene, 2,4- 121-14-2 3 - - 1440 126 15 1.50 3 -
Dinitrotoluene, 2,6- 606-20-2 - - - 5550 1700 15 1.50 - -
Dinitrotoluene, 2-Amino-4,6- 35572-78-2 - - - 113 2 15 - - -
Dinitrotoluene, 4-Amino-2,6- 19406-51-0 - - - 113 2 15 - - -
Dinitrotoluene, Technical grade 25321-14-6 - - - 11700 1020 15 - - -
Dinoseb 88-85-7 - - - 969 969 15 - - -
Dioxane, 1,4- 123-91-1 31 1040 529000 -- 180000000 118000000 15 2.00 56 31
Diphenamid 957-51-7 - - - 0 0 15 - - -
Diphenyl Ether 101-84-8 0 14 71 -- 206000 212000 15 0.80 - 0
Diphenyl Sulfone 127-63-9 - - - 180 1150 15 - - -
Diphenylamine 122-39-4 - - - 6100 2100 15 0.70 - -
Diphenylhydrazine, 1,2- 122-66-7 1 - - 4320 1610 15 0.70 1 -
Dipotassium phosphate 7758-11-4 - - - - - 15 - - -
Diquat 85-00-7 - - - 34 4 15 - - -
Direct Black 38 1937-37-7 0 - - 0 0 15 - 0 -
Direct Blue 6 2602-46-2 0 - - 0 0 15 - 0 -
Direct Brown 95 16071-86-6 0 - - 0 - 15 - 0 -
Disodium phosphate 7558-79-4 - - - - - 15 - - -
Disulfoton 298-04-4 - - - 1440 1440 15 - - -
Dithiane, 1,4- 505-29-3 - - - 514000 2480000 15 - - -
Diuron 330-54-1 - - - 1 1 15 - - -
Dodine 2439-10-3 - - - 2 2 15 - - -
EPTC 759-94-4 - - - 244000 244000 15 - - -
Endosulfan 115-29-7 - - - 4 864 15 - - -
Endosulfan Sulfate 1031-07-8 - - - 6 6 15 - - -
Endothall 145-73-3 - - - 0 0 15 - - -
Endrin 72-20-8 - - - 62 65 15 - - -
Epichlorohydrin 106-89-8 1 35 1620 -- 81800000 84700000 15 3.80 234 1
Epoxybutane, 1,2- 106-88-7 21 695 8680 -- 698000000 457000000 15 1.70 - 21
Ethanol, 2-(2-methoxyethoxy)- 111-77-3 - - - 1620000 303 15 1.38 - -
Ethephon 16672-87-0 - - - 1 233 15 - - -
Ethion 563-12-2 - - - 31 31 15 - - -
Ethoxyethanol Acetate, 2- 111-15-9 63 2090 1900000 -- 14200000 12300000 15 2.00 - 63
Ethoxyethanol, 2- 110-80-5 209 6950 41800000 -- 25700000 9970000 15 3.00 - 209
Ethyl Acetate 141-78-6 73 2430 42600 -- 442000000 274000000 15 2.00 - 73
Ethyl Acrylate 140-88-5 8 278 2040 -- 208000000 123000000 15 1.40 - 8
Ethyl Chloride 75-00-3 10400 348000 62600 -- 3500000000 2230000000 15 3.80 - 10400
Ethyl Ether 60-29-7 - - - 2140000000 2130000000 15 1.90 - -
Ethyl Methacrylate 97-63-2 313 10400 55100 -- 126000000 61300000 15 1.80 - 313
Ethyl-p-nitrophenyl Phosphonate 2104-64-5 - - - 17 57 15 - - -
Ethylbenzene 100-41-4 112 3740 1220 No (700) 54800000 31200000 15 0.80 112 1040
Ethylene Cyanohydrin 109-78-4 - - - 307000 113000 15 2.30 - -
Ethylene Diamine 107-15-3 - - - 38800000 39800 15 2.50 - -
Ethylene Glycol 107-21-1 417 - - 307000 1070000 15 3.20 - 417

Page 6 of 15



Ethylene Glycol Monobutyl Ether 111-76-2 1670 - - 5590000 29900000 15 4.00 - 1670
Ethylene Oxide 75-21-8 0 1 15 -- 3110000000 4390000000 15 3.00 0 31
Ethylene Thiourea 96-45-7 22 - - 11 11 15 - 22 -
Ethyleneimine 151-56-4 0 0 93 -- 493000000 319000000 15 3.30 0 -
Ethylphthalyl Ethyl Glycolate 84-72-0 - - - 3260 59 15 - - -
Fenamiphos 22224-92-6 - - - 16 16 15 - - -
Fenpropathrin 39515-41-8 - - - 103 103 15 - - -
Fenvalerate 51630-58-1 - - - 0 0 15 - - -
Fluometuron 2164-17-2 - - - 12 12 15 - - -
Fluoranthene 206-44-0 - - - 100 30 15 0.60 - -
Fluorene 86-73-7 - - - 5360 2550 15 0.70 - -
Fluoride 16984-48-8 14 - - - - 15 - - 14
Fluorine (Soluble Fluoride) 7782-41-4 14 - - - - 15 - - 14
Fluridone 59756-60-4 - - - 2 4 15 - - -
Flurprimidol 56425-91-3 - - - 6 3 15 - - -
Flusilazole 85509-19-9 - - - 5 5 15 - - -
Flutolanil 66332-96-5 - - - 1 1 15 - - -
Fluvalinate 69409-94-5 - - - 3 0 15 - - -
Folpet 133-07-3 - - - 3 3 15 - - -
Fomesafen 72178-02-0 - - - 18 0 15 - - -
Fonofos 944-22-9 - - - 4480 4480 15 - - -
Formaldehyde 50-00-0 10 342 1980000 -- 6280000000 4150000 15 7.00 22 10
Formic Acid 64-18-6 0 10 127000 -- 105000000 4940000 15 18.00 - 0
Fosetyl-AL 39148-24-8 - - - 0 0 15 - - -
Furan 110-00-9 - - - 2200000000 1550000000 15 2.30 - -
Furazolidone 67-45-8 - - - 32 0 15 - - -
Furfural 98-01-1 52 1740 1350000 -- 11400000 5740000 15 2.10 - 52
Furium 531-82-8 1 - - 0 0 15 - 1 -
Furmecyclox 60568-05-0 33 - - 1130 0 15 - 33 -
Glufosinate, Ammonium 77182-82-2 - - - 0 2 15 - - -
Glutaraldehyde 111-30-8 0 - - 3230000 152000 15 - - 0
Glycidyl 765-34-4 1 35 165000 -- 176000000 12600000 15 - - 1
Glyphosate 1071-83-6 - - - 1 1 15 - - -
Guanidine 113-00-8 - - - 7020000 2 15 - - -
Guanidine Chloride 50-01-1 - - - 9 0 15 - - -
Guanidine Nitrate 506-93-4 - - - 1 0 15 - - -
Haloxyfop, Methyl 69806-40-2 - - - 121 121 15 - - -
Heptachlor 76-44-8 0 7 94 No (0) 8030 831 15 - 0 -
Heptachlor Epoxide 1024-57-3 0 4 833 No (0) 408 52 15 - 0 -
Heptachlorobiphenyl, 2,3,3',4,4',5,5'- (PCB 189) 39635-31-9 0 8 238 -- 3 2 15 - 0 1
Heptachlorodibenzofuran, 1,2,3,4,6,7,8- 67562-39-4 0 0 3 -- 0 0 15 - 0 0
Heptanal, n- 111-71-7 3 104 1070 -- 21600000 7280000 15 - - 3
Heptane, N- 142-82-5 417 13900 17 -- 248000000 171000000 15 1.05 - 417
Hexabromobenzene 87-82-1 - - - 0 0 15 - - -
Hexabromodiphenyl ether, 2,2',4,4',5,5'- (BDE- 68631-49-2 - - - 201 - 15 - - -
Hexachlorobenzene 118-74-1 1 20 45 No (1) 276 168 15 3.50 1 -
Hexachlorobiphenyl, 2,3',4,4',5,5'- (PCB 167) 52663-72-6 0 8 176 -- 11 6 15 - 0 1
Hexachlorobiphenyl, 2,3,3',4,4',5'- (PCB 157) 69782-90-7 0 8 74 -- 11 11 15 - 0 1
Hexachlorobiphenyl, 2,3,3',4,4',5- (PCB 156) 38380-08-4 0 8 243 -- 31 11 15 - 0 1
Hexachlorobiphenyl, 3,3',4,4',5,5'- (PCB 169) 32774-16-6 0 0 1 -- 11 0 15 - 0 0
Hexachlorobutadiene 87-68-3 13 425 123 -- 3090000 662000 15 2.90 13 -
Hexachlorocyclohexane, Alpha- 319-84-6 0 - - 551 548 15 - 0 -
Hexachlorocyclohexane, Beta- 319-85-7 1 - - 6 4 15 - 1 -
Hexachlorocyclohexane, Gamma- (Lindane) 58-89-9 1 - - 657 1530 15 - 1 -
Hexachlorocyclohexane, Technical 608-73-1 1 - - 551 1680 15 - 1 -
Hexachlorocyclopentadiene 77-47-4 0 7 10 Yes (50) 880000 77600 15 - - 0
Hexachlorodibenzo-p-dioxin, 1,2,3,4,7,8- 39227-28-6 0 - - 0 0 15 - 0 0
Hexachlorodibenzo-p-dioxin, Mixture NA 0 - - 0 0 15 - 0 -
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Hexachlorodibenzofuran, 1,2,3,4,7,8- 70648-26-9 0 0 0 -- 2 0 15 - 0 0
Hexachloroethane 67-72-1 26 851 719 -- 2670000 3550000 15 - 26 31
Hexachlorophene 70-30-4 - - - 0 0 15 - - -
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 - - - 0 0 15 - - -
Hexamethylene Diisocyanate, 1,6- 822-06-0 0 0 21 -- 271000 117000 15 - - 0
Hexamethylphosphoramide 680-31-9 - - - 443000 818000 15 - - -
Hexane, N- 110-54-3 730 24300 30 -- 701000000 461000000 15 1.10 - 730
Hexanedioic Acid 124-04-9 - - - 3 1 15 1.60 - -
Hexanol, 1-,2-ethyl- (2-Ethyl-1-hexanol) 104-76-7 0 14 229 -- 953000 3210000 15 0.88 - 0
Hexanone, 2- 591-78-6 31 1040 29300 -- 62500000 36800000 15 1.00 - 31
Hexazinone 51235-04-2 - - - 3 3 15 - - -
Hexythiazox 78587-05-0 - - - 0 0 15 - - -
HpCDD, 1,2,3,4,6,7,8,- 35822-46-9 0 0 0 -- 0 0 15 - 0 0
HpCDF, 1,2,3,4,7,8,9- 55673-89-7 0 0 3 -- 0 0 15 - 0 0
HxCDD, 1,2,3,6,7,8- 57653-85-7 0 - - 0 0 15 - 0 0
HxCDD, 1,2,3,7,8,9- 19408-74-3 0 - - 0 0 15 - 0 0
HxCDF, 1,2,3,6,7,8- 57117-44-9 0 0 0 -- 2 1 15 - 0 0
HxCDF, 1,2,3,7,8,9- 72918-21-9 0 - - 2 1 15 - 0 0
HxCDF, 2,3,4,6,7,8- 60851-34-5 0 - - 2 0 15 - 0 0
Hydramethylnon 67485-29-4 - - - 1 1 15 - - -
Hydrazine 302-01-2 0 1 4660 -- 24800000 13400000 15 5.00 0 0
Hydrazine Sulfate 10034-93-2 0 - - - - 15 - 0 -
Hydrogen Chloride 7647-01-0 21 695 2340000000 -- 67500000000 12000 15 - - 21
Hydrogen Cyanide 74-90-8 1 28 443 -- 1080000000 3770000000 15 6.00 - 1
Hydrogen Fluoride 7664-39-3 15 487 7380 -- 987000000 3960000000 15 - - 15
Hydrogen Sulfide 7783-06-4 2 70 14 -- 28700000000 1090000000 15 4.00 - 2
Hydroquinone 123-31-9 - - - 142 44 15 1.60 - -
Imazalil 35554-44-0 - - - 19 19 15 - - -
Imazaquin 81335-37-7 - - - 0 0 15 - - -
Imazethapyr 81335-77-5 - - - 0 0 15 - - -
Indeno[1,2,3-cd]pyrene 193-39-5 2 - - 0 0 15 - 2 -
Iodine 7553-56-2 - - - 3180000 - 15 - - -
Iprodione 36734-19-7 - - - 0 2 15 - - -
Iron 7439-89-6 - - - 0 - 15 - - -
Isobutyl Alcohol 78-83-1 - - - 41700000 25500 15 1.70 - -
Isophorone 78-59-1 2090 - - 3260000 1580000 15 0.80 - 2090
Isopropalin 33820-53-0 - - - 499 499 15 - - -
Isopropanol 67-63-0 209 6950 2540000 -- 147000000 164000000 15 2.00 - 209
Isopropyl Methyl Phosphonic Acid 1832-54-8 - - - 88400 14200 15 - - -
Isoxaben 82558-50-7 - - - 0 0 15 - - -
JP-7 NA 313 - - - 4250000 15 - - 313
Lactofen 77501-63-4 - - - 2 2 15 - - -
Lactonitrile 78-97-7 - - - 455000 72700000 15 2.70 - -
Lanthanum 7439-91-0 - - - - - 15 - - -
Lanthanum Acetate Hydrate 100587-90-4 - - - - - 15 - - -
Lanthanum Chloride Heptahydrate 10025-84-0 - - - - - 15 - - -
Lanthanum Chloride, Anhydrous 10099-58-8 - - - - - 15 - - -
Lanthanum Nitrate Hexahydrate 10277-43-7 - - - - - 15 - - -
Lead Phosphate 7446-27-7 23 - - - - 15 - 23 -
Lead acetate 301-04-2 23 - - 12700 - 15 - 23 -
Lead subacetate 1335-32-6 23 - - 0 - 15 - 23 -
Lewisite 541-25-3 - - - 6470000 2280000 15 - - -
Linuron 330-55-2 - - - 19 19 15 - - -
Lithium 7439-93-2 - - - - - 15 - - -
Lithium Perchlorate 7791-03-9 - - - - - 15 - - -
MCPA 94-74-6 - - - 64 34 15 - - -
MCPB 94-81-5 - - - 5 5 15 - - -
MCPP 93-65-2 - - - 9 461 15 - - -
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Malathion 121-75-5 - - - 60 29 15 - - -
Maleic Anhydride 108-31-6 1 - - 1320000 12000000 15 1.40 - 1
Maleic Hydrazide 123-33-1 - - - 17 5 15 - - -
Malononitrile 109-77-3 - - - 711000 320000 15 2.90 - -
Mancozeb 8018-01-7 - - - 0 0 15 - - -
Maneb 12427-38-2 - - - 1 1 15 - - -
Manganese (Non-diet) 7439-96-5 0 - - 0 - 15 - - 0
Mephosfolan 950-10-7 - - - 461 0 15 - - -
Mepiquat Chloride 24307-26-4 - - - 3 88 15 - - -
Mercaptobenzothiazole, 2- 149-30-4 - - - 4170 178 15 1.00 - -
Mercuric Chloride 7487-94-7 0 - - - - 15 - - 0
Mercury (elemental) 7439-97-6 0 10 4 No (2) 21100 8940 15 - - 0
Merphos 150-50-5 - - - 321 3 15 - - -
Merphos Oxide 78-48-8 - - - 90 28 15 - - -
Metalaxyl 57837-19-1 - - - 84 1010 15 - - -
Methacrylonitrile 126-98-7 31 1040 9910 -- 257000000 160000000 15 2.00 - 31
Methamidophos 10265-92-6 - - - 268 35500 15 - - -
Methanol 67-56-1 20900 695000 372000000 -- 219000000 112000000 15 6.00 - 20900
Methidathion 950-37-8 - - - 55 55 15 - - -
Methomyl 16752-77-5 - - - 47 47 15 - - -
Methoxy-5-nitroaniline, 2- 99-59-2 20 - - 2880 59 15 - 20 -
Methoxychlor 72-43-5 - - - 48 1 15 - - -
Methoxyethanol Acetate, 2- 110-49-6 1 35 339000 -- 44500000 6160000 15 1.50 - 1
Methoxyethanol, 2- 109-86-4 21 695 5550000 -- 38900000 7520000 15 1.80 - 21
Methyl Acetate 79-20-9 - - - 861000000 747000000 15 3.10 - -
Methyl Acrylate 96-33-3 21 695 8330 -- 401000000 247000000 15 2.80 - 21
Methyl Ethyl Ketone (2-Butanone) 78-93-3 5210 174000 7070000 -- 351000000 329000000 15 1.40 - 5210
Methyl Hydrazine 60-34-4 0 1 567 -- 124000000 73500000 15 2.50 0 0
Methyl Isobutyl Ketone (4-methyl-2-pentanone) 108-10-1 3130 104000 1900000 -- 107000000 62600000 15 1.20 - 3130
Methyl Isocyanate 624-83-9 1 35 79 -- 1070000000 775000000 15 5.30 - 1
Methyl Mercury 22967-92-6 - - - - - 15 - - -
Methyl Methacrylate 80-62-6 730 24300 201000 -- 207000000 109000000 15 1.70 - 730
Methyl Parathion 298-00-0 - - - 50 154 15 - - -
Methyl Phosphonic Acid 993-13-5 - - - 1690 10 15 - - -
Methyl Styrene (Mixed Isomers) 25013-15-4 42 1390 1770 -- 28600000 4200000 15 - - 42
Methyl methanesulfonate 66-27-3 10 - - 1840000 33000000 15 - 10 -
Methyl tert-Butyl Ether (MTBE) 1634-04-4 1080 36000 133000 -- 1190000000 829000000 15 2.00 1080 3130
Methyl-1,4-benzenediamine dihydrochloride, 2- 615-45-2 - - - 0 0 15 - - -
Methyl-2-Pentanol, 4- 108-11-2 3130 104000 8480000 -- 29100000 12100000 15 1.00 - 3130
Methyl-5-Nitroaniline, 2- 99-55-8 - - - 7980 3390 15 - - -
Methyl-N-nitro-N-nitrosoguanidine, N- 70-25-7 0 - - 949 13 15 - 0 -
Methylaniline Hydrochloride, 2- 636-21-5 8 - - 2260000 712000 15 - 8 -
Methylarsonic acid 124-58-3 - - - 12200 - 15 - - -
Methylbenzene,1-4-diamine monohydrochloride, 2- 74612-12-7 - - - - - 15 - - -
Methylbenzene-1,4-diamine sulfate, 2- 615-50-9 - - - - - 15 - - -
Methylcholanthrene, 3- 56-49-5 0 - - 1 1 15 - 0 -
Methylene Chloride 75-09-2 626 20900 13700 No (5) 1990000000 1190000000 15 13.00 10100 626
Methylene-bis(2-chloroaniline), 4,4'- 101-14-4 0 - - 4 0 15 - 0 -
Methylene-bis(N,N-dimethyl) Aniline, 4,4'- 101-61-1 22 - - 239 0 15 - 22 -
Methylenebisbenzenamine, 4,4'- 101-77-9 1 - - 2 2 15 - 1 21
Methylenediphenyl Diisocyanate 101-68-8 1 - - 67 9 15 0.60 - 1
Methylnaphthalene, 1- 90-12-0 - - - 512000 201000 15 0.80 - -
Methylnaphthalene, 2- 91-57-6 - - - 421000 209000 15 0.80 - -
Methylstyrene, Alpha- 98-83-9 - - - 12100000 5520000 15 1.90 - -
Metolachlor 51218-45-2 - - - 479 195 15 - - -
Metribuzin 21087-64-9 - - - 5 5 15 - - -
Metsulfuron-methyl 74223-64-6 - - - 0 0 15 - - -
Mineral oils 8012-95-1 - - - 1240000 1240000 15 - - -
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Mirex 2385-85-5 0 2 3 -- 24 2820 15 - 0 -
Molinate 2212-67-1 - - - 56400 163000 15 - - -
Molybdenum 7439-98-7 - - - 0 - 15 - - -
Monoaluminum phosphate 13530-50-2 - - - - - 15 - - -
Monoammonium phosphate 7722-76-1 - - - - - 15 - - -
Monocalcium phosphate 7758-23-8 - - - - - 15 - - -
Monochloramine 10599-90-3 - - - - - 15 - - -
Monomagnesium phosphate 7757-86-0 - - - - - 15 - - -
Monomethylaniline 100-61-8 - - - 2610000 959000 15 1.20 - -
Monopotassium phosphate 7778-77-0 - - - - - 15 - - -
Monosodium phosphate 7558-80-7 - - - - - 15 - - -
Myclobutanil 88671-89-0 - - - 24 25 15 - - -
N,N'-Diphenyl-1,4-benzenediamine 74-31-7 - - - 0 0 15 0.50 - -
Naled 300-76-5 - - - 4100 3990 15 - - -
Naphtha, High Flash Aromatic (HFAN) 64742-95-6 104 - - - 558000 15 - - 104
Naphthalene 91-20-3 3 104 714 -- 586000 272000 15 0.90 8 3
Naphthylamine, 2- 91-59-8 - - - 1970 626 15 - - -
Napropamide 15299-99-7 - - - 3 3 15 - - -
Nickel Acetate 373-02-4 0 - - 170 - 15 - 1 0
Nickel Carbonate 3333-67-3 0 - - 23 - 15 - 1 0
Nickel Carbonyl 13463-39-3 0 0 0 -- 2890000000 2500000000 15 2.00 1 0
Nickel Hydroxide 12054-48-7 0 - - - - 15 - 1 0
Nickel Oxide 1313-99-1 0 - - - - 15 - 1 0
Nickel Refinery Dust NA 0 - - - - 15 - 1 0
Nickel Soluble Salts 7440-02-0 0 - - 0 - 15 - 1 0
Nickel Subsulfide 12035-72-2 0 - - - - 15 - 1 0
Nickelocene 1271-28-9 0 - - - - 15 - 1 0
Nitrate (measured as nitrogen) 14797-55-8 - - - - - 15 - - -
Nitrite (measured as nitrogen) 14797-65-0 - - - - - 15 - - -
Nitroaniline, 2- 88-74-4 0 - - 20600 1140 15 1.50 - 0
Nitroaniline, 4- 100-01-6 6 - - 24 10 15 1.50 - 6
Nitrobenzene 98-95-3 7 234 30200 -- 1620000 972000 15 1.80 7 9
Nitrocellulose 9004-70-0 - - - 0 0 15 - - -
Nitrofurantoin 67-20-9 - - - 0 0 15 - - -
Nitrofurazone 59-87-0 1 - - 46 0 15 - 1 -
Nitroglycerin 55-63-0 - - - 4890 1330 15 - - -
Nitroguanidine 556-88-7 - - - 0 0 15 - - -
Nitromethane 75-52-5 5 174 15800 -- 118000000 73400000 15 7.30 32 5
Nitropropane, 2- 79-46-9 0 3 73 -- 82500000 48200000 15 2.60 0 21
Nitropyrene, 4- 57835-92-4 3 - - 1 0 15 - 3 -
Nitroso-N-ethylurea, N- 759-73-9 0 - - 115000 70 15 - 0 -
Nitroso-N-methylurea, N- 684-93-5 0 - - 162000 58 15 - 0 -
Nitroso-di-N-butylamine, N- 924-16-3 0 6 1080 -- 399000 414000 15 - 0 -
Nitroso-di-N-propylamine, N- 621-64-7 0 - - 602000 2860000 15 - 0 -
Nitrosodiethanolamine, N- 1116-54-7 0 - - 3610 198 15 - 0 -
Nitrosodiethylamine, N- 55-18-5 0 - - 4720000 15700000 15 - 0 -
Nitrosodimethylamine, N- 62-75-9 0 0 350 -- 10800000 41400000 15 - 0 0
Nitrosodiphenylamine, N- 86-30-6 108 - - 1070000 1730 15 - 108 -
Nitrosomethylethylamine, N- 10595-95-6 0 1 1510 -- 5210000 17700000 15 - 0 -
Nitrosomorpholine [N-] 59-89-2 0 - - 225000 1000000 15 - 0 -
Nitrosopiperidine [N-] 100-75-4 0 - - 565000 2640000 15 - 0 -
Nitrosopyrrolidine, N- 930-55-2 0 - - 323000 2000000 15 - 0 -
Nitrotoluene, m- 99-08-1 - - - 1510000 85900 15 1.30 - -
Nitrotoluene, o- 88-72-2 - - - 1390000 136000 15 2.20 - -
Nitrotoluene, p- 99-99-0 - - - 116000 44900 15 1.60 - -
Nonane, n- 111-84-2 21 695 1 -- 30700000 13900000 15 0.80 - 21
Norflurazon 27314-13-2 - - - 0 0 15 - - -
OCDD 3268-87-9 0 - - 0 0 15 - 0 0
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OCDF 39001-02-0 0 - - 0 0 15 - 0 0
Octabromodiphenyl Ether 32536-52-0 - - - 547000 0 15 - - -
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
(HMX) 2691-41-0 - - - 0 0 15 - - -
Octamethylpyrophosphoramide 152-16-9 - - - 15400 15400 15 - - -
Octyl Phthalate, di-N- 117-84-0 - - - 2 0 15 - - -
Oryzalin 19044-88-3 - - - 0 0 15 - - -
Oxadiazon 19666-30-9 - - - 2 2 15 - - -
Oxamyl 23135-22-0 - - - 2710 2710 15 - - -
Oxyfluorfen 42874-03-3 - - - 4 4 15 - - -
Paclobutrazol 76738-62-0 - - - 0 0 15 - - -
Paraquat Dichloride 1910-42-5 - - - 1 8 15 - - -
Parathion 56-38-2 - - - 105 134 15 - - -
PeCDF, 1,2,3,7,8- 57117-41-6 0 - - 0 0 15 - 0 0
PeCDF, 2,3,4,7,8- 57117-31-4 0 - - 0 0 15 - 0 0
Pebulate 1114-71-2 - - - 968000 969000 15 - - -
Pendimethalin 40487-42-1 - - - 221 12 15 - - -
Pentabromodiphenyl Ether 32534-81-9 - - - 1 11 15 - - -
Pentabromodiphenyl ether, 2,2',4,4',5- (BDE-99) 60348-60-9 - - - 1 0 15 - - -
Pentachlorobenzene 608-93-5 - - - 13600 9490 15 - - -
Pentachlorobiphenyl, 2',3,4,4',5- (PCB 123) 65510-44-3 0 8 63 -- 96 124 15 - 0 1
Pentachlorobiphenyl, 2,3',4,4',5- (PCB 118) 31508-00-6 0 8 120 -- 158 55 15 - 0 1
Pentachlorobiphenyl, 2,3,3',4,4'- (PCB 105) 32598-14-4 0 8 122 -- 115 14 15 - 0 1
Pentachlorobiphenyl, 2,3,4,4',5- (PCB 114) 74472-37-0 0 8 130 -- 96 60 15 - 0 1
Pentachlorobiphenyl, 3,3',4,4',5- (PCB 126) 57465-28-8 0 0 0 -- 39 20 15 - 0 0
Pentachlorodibenzo-p-dioxin, 1,2,3,7,8- 40321-76-4 0 - - 0 0 15 - 0 0
Pentachloroethane 76-01-7 - - - 38100000 617 15 - - -
Pentachloronitrobenzene 82-68-8 - - - 794 795 15 - - -
Pentachlorophenol 87-86-5 55 - - 1580 14 15 - 55 -
Pentaerythritol tetranitrate (PETN) 78-11-5 - - - 0 0 15 - - -
Pentane, n- 109-66-0 1040 34800 58 -- 1990000000 1380000000 15 1.40 - 1040
Perchlorate and Perchlorate Salts 14797-73-0 - - - - - 15 - - -
Perfluorobutane sulfonic acid (PFBS) 375-73-5 - - - - - 15 - - -
Perfluorobutanesulfonate 45187-15-3 - - - - - 15 - - -
Perfluorooctane sulfonic acid (PFOS) 1763-23-1 - - - 53800 - 15 - - -
Perfluorooctanesulfonate 45298-90-6 - - - 53700 - 15 - - -
Perfluorooctanoic acid (PFOA) 335-67-1 - - - 11700000 1550000 15 - - -
Permethrin 52645-53-1 - - - 0 0 15 - - -
Phenacetin 62-44-2 446 - - 7 7 15 - 446 -
Phenmedipham 13684-63-4 - - - 0 0 15 - - -
Phenol 108-95-2 209 - - 1770000 521000 15 1.80 - 209
Phenol, 2-(1-methylethoxy)-, methylcarbamate 114-26-1 - - - 236 109 15 - - -
Phenothiazine 92-84-2 - - - 10 2 15 - - -
Phenyl Isothiocyanate 103-72-0 - - - 10900000 10900000 15 - - -
Phenylenediamine, m- 108-45-2 - - - 12200 4520 15 1.30 - -
Phenylenediamine, o- 95-54-5 - - - 12000 4610 15 1.50 - -
Phenylenediamine, p- 106-50-3 - - - 29100 374 15 1.30 - -
Phenylmercuric Acetate 62-38-4 - - - 109 101 15 - - -
Phenylphenol, 2- 90-43-7 - - - 18300 30000 15 - - -
Phorate 298-02-2 - - - 8930 8930 15 - - -
Phosgene 75-44-5 0 10 1 -- 7540000000 3150000000 15 - - 0
Phosmet 732-11-6 - - - 8 8 15 - - -
Phosphine 7803-51-2 0 10 1 -- 53600000000 234000000000 15 1.80 - 0
Phosphoric Acid 7664-38-2 10 - - 158000 - 15 - - 10
Phosphorus, White 7723-14-0 - - - 41600 219000 15 - - -
Phthalic Acid, P- 100-21-0 - - - 82 0 15 1.30 - -
Phthalic Anhydride 85-44-9 21 - - 4120 1520 15 1.70 - 21
Picloram 1918-02-1 - - - 0 0 15 - - -
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Picramic Acid (2-Amino-4,6-dinitrophenol) 96-91-3 - - - 4 1 15 - - -
Picric Acid (2,4,6-Trinitrophenol) 88-89-1 - - - 9 9 15 - - -
Pirimiphos, Methyl 29232-93-7 - - - 246 246 15 - - -
Polybrominated Biphenyls 59536-65-1 0 - - - - 15 - 0 -
Polychlorinated Biphenyls (high risk) 1336-36-3 0 16 58 No (1) 7760 11900 15 - 0 -
Polychlorinated Biphenyls (low risk) 1336-36-3 3 94 331 No (1) 7760 11900 15 - 3 -
Polychlorinated Biphenyls (lowest risk) 1336-36-3 14 468 1650 No (1) 7760 11900 15 - 14 -
Polymeric Methylene Diphenyl Diisocyanate 9016-87-9 1 - - 0 0 15 - - 1
Polyphosphoric acid 8017-16-1 - - - - - 15 - - -
Potassium Cyanide 151-50-8 - - - 0 - 15 - - -
Potassium Perchlorate 7778-74-7 - - - - - 15 - - -
Potassium Perfluorobutane Sulfonate 29420-49-3 - - - 2 2 15 - - -
Potassium Perfluorooctane Sulfonate 2795-39-3 - - - 72 55600 15 - - -
Potassium Silver Cyanide 506-61-6 - - - - - 15 - - -
Potassium tripolyphosphate 13845-36-8 - - - - - 15 - - -
Prochloraz 67747-09-5 - - - 23 23 15 - - -
Profluralin 26399-36-0 - - - 1180 1190 15 - - -
Prometon 1610-18-0 - - - 28 28 15 - - -
Prometryn 7287-19-6 - - - 16 16 15 - - -
Pronamide 23950-58-5 - - - 6 6 15 - - -
Propachlor 1918-16-7 - - - 2620 8540 15 - - -
Propanil 709-98-8 - - - 11 11 15 - - -
Propargite 2312-35-8 - - - 6 6 15 - - -
Propargyl Alcohol 107-19-7 - - - 47000000 3610 15 2.40 - -
Propazine 139-40-2 - - - 2 2 15 - - -
Propham 122-42-9 - - - 1350 1350 15 - - -
Propiconazole 60207-90-1 - - - 8 8 15 - - -
Propionaldehyde 123-38-6 8 278 8340 -- 990000000 612000000 15 2.60 - 8
Propyl benzene 103-65-1 1040 34800 9050 -- 22100000 12000000 15 0.80 - 1040
Propylene 115-07-1 3130 104000 931 -- 19700000000 1340000000 15 2.00 - 3130
Propylene Glycol 57-55-6 - - - 528000 209000 15 2.60 - -
Propylene Glycol Dinitrate 6423-43-4 0 - - 3380000 126000 15 - - 0
Propylene Glycol Monomethyl Ether 107-98-2 2090 69500 184000000 -- 60600000 22700000 15 1.60 - 2090
Propylene Oxide 75-56-9 31 1040 31800 -- 1680000000 1160000000 15 1.90 76 31
Pyrene 129-00-0 - - - 49 20 15 0.60 - -
Pyridine 110-86-1 - - - 88500000 464000000 15 1.80 - -
Quinalphos 13593-03-8 - - - 42 42 15 - - -
Quinoline 91-22-5 - - - 417000 189000 15 1.00 - -
Quizalofop-ethyl 76578-14-8 - - - 0 0 15 - - -
Refractory Ceramic Fibers (units in fibers) NA 31300 - - - - 15 - - 31300
Resmethrin 10453-86-8 - - - 0 0 15 - - -
Ronnel 299-84-3 - - - 1300 1310 15 - - -
Rotenone 83-79-4 - - - 0 0 15 - - -
Safrole 94-59-7 2 - - 539000 21100 15 - 2 -
Selenious Acid 7783-00-8 - - - - - 15 - - -
Selenium 7782-49-2 21 - - 0 - 15 - - 21
Selenium Sulfide 7446-34-6 21 - - - - 15 - - 21
Sethoxydim 74051-80-2 - - - 3 0 15 - - -
Silica (crystalline, respirable) 7631-86-9 3 - - - - 15 - - 3
Silver 7440-22-4 - - - 0 - 15 - - -
Silver Cyanide 506-64-9 - - - - - 15 - - -
Simazine 122-34-9 - - - 0 0 15 - - -
Sodium Acifluorfen 62476-59-9 - - - 0 618 15 - - -
Sodium Azide 26628-22-8 - - - - - 15 - - -
Sodium Cyanide 143-33-9 - - - 0 - 15 - - -
Sodium Diethyldithiocarbamate 148-18-5 - - - 0 - 15 - - -
Sodium Fluoride 7681-49-4 14 - - 0 - 15 - - 14
Sodium Fluoroacetate 62-74-8 - - - 4 49500000 15 - - -
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Sodium Metavanadate 13718-26-8 - - - - - 15 - - -
Sodium Perchlorate 7601-89-0 - - - - - 15 - - -
Sodium Tungstate 13472-45-2 - - - - - 15 - - -
Sodium acid pyrophosphate 7758-16-9 - - - - - 15 - - -
Sodium aluminum phosphate (acidic) 7785-88-8 - - - - - 15 - - -
Sodium aluminum phosphate (anhydrous) 10279-59-1 - - - - - 15 - - -
Sodium aluminum phosphate (tetrahydrate) 10305-76-7 - - - - - 15 - - -
Sodium hexametaphosphate 10124-56-8 - - - - - 15 - - -
Sodium polyphosphate 68915-31-1 - - - - - 15 - - -
Sodium trimetaphosphate 7785-84-4 - - - - - 15 - - -
Sodium tripolyphosphate 7758-29-4 - - - - - 15 - - -
Stirofos (Tetrachlorovinphos) 961-11-5 - - - 1 1 15 - - -
Strontium, Stable 7440-24-6 - - - - - 15 - - -
Strychnine 57-24-9 - - - 0 0 15 - - -
Styrene 100-42-5 1040 34800 33000 No (100) 35800000 19600000 15 0.90 - 1040
Styrene-Acrylonitrile (SAN) Trimer (THNA isomer) 57964-39-3 - - - - - 15 - - -
Styrene-Acrylonitrile (SAN) Trimer (THNP isomer) 57964-40-6 - - - - - 15 - - -
Sulfolane 126-33-0 2 - - 26400 78600000 15 - - 2
Sulfonylbis(4-chlorobenzene), 1,1'- 80-07-9 - - - 13 13 15 - - -
Sulfur Trioxide 7446-11-9 1 - - 1130000000 - 15 - - 1
Sulfuric Acid 7664-93-9 1 - - 313 - 15 - - 1
Sulfurous acid, 2-chloroethyl
2-[4-(1,1-dimethylethyl)phenoxy]-1-methylethyl 140-57-8 40 - - 4 5 15 - 40 -
TCDD, 2,3,7,8- 1746-01-6 0 0 0 No (0) 0 0 15 - 0 0
TCDF, 2,3,7,8- 51207-31-9 0 0 0 -- 0 0 15 - 0 0
TCMTB 21564-17-0 - - - 4 0 15 - - -
Tebuthiuron 34014-18-1 - - - 4 12 15 - - -
Temephos 3383-96-8 - - - 2 0 15 - - -
Terbacil 5902-51-2 - - - 5 3 15 - - -
Terbufos 13071-79-9 - - - 4960 4970 15 - - -
Terbutryn 886-50-0 - - - 22 22 15 - - -
Tert-Butyl Acetate 540-88-5 216 7200 12300 -- 294000000 294000000 15 - 216 -
Tetrabromodiphenyl ether, 2,2',4,4'- (BDE-47) 5436-43-1 - - - 2 0 15 - - -
Tetrachlorobenzene, 1,2,4,5- 95-94-3 - - - 62700 10700 15 - - -
Tetrachlorobiphenyl, 3,3',4,4'- (PCB 77) 32598-13-3 0 - - 258 0 15 - 0 0
Tetrachlorobiphenyl, 3,4,4',5- (PCB 81) 70362-50-4 0 1 5 -- 133 294 15 - 0 0
Tetrachloroethane, 1,1,1,2- 630-20-6 38 1260 1400 -- 108000000 58100000 15 4.90 38 -
Tetrachloroethane, 1,1,2,2- 79-34-5 5 161 1160 -- 41700000 23600000 15 - 5 -
Tetrachloroethylene 127-18-4 42 1390 194 No (5) 165000000 88400000 15 - 1080 42
Tetrachlorophenol, 2,3,4,6- 58-90-2 - - - 8310 8310 15 - - -
Tetrachlorotoluene, p- alpha, alpha, alpha- 5216-25-1 - - - 474000 14600 15 - - -
Tetraethyl Dithiopyrophosphate 3689-24-5 - - - 1820 5460 15 - - -
Tetraethyl Lead 78-00-2 - - - 4520000 3220000 15 - - -
Tetrafluoroethane, 1,1,1,2- 811-97-2 83400 2780000 107000 -- 27400000000 3190000000 15 - - 83400
Tetrahydrofuran 109-99-9 2090 69500 2190000 -- 629000000 1910000000 15 2.00 - 2090
Tetrapotassium phosphate 7320-34-5 - - - - - 15 - - -
Tetrasodium pyrophosphate 7722-88-5 - - - - - 15 - - -
Tetryl (Trinitrophenylmethylnitramine) 479-45-8 - - - 1 8 15 - - -
Thallic Oxide 1314-32-5 - - - - - 15 - - -
Thallium (I) Nitrate 10102-45-1 - - - - - 15 - - -
Thallium (Soluble Salts) 7440-28-0 - - - - - 15 - - -
Thallium Acetate 563-68-8 - - - 208000000 - 15 - - -
Thallium Carbonate 6533-73-9 - - - 146000000 - 15 - - -
Thallium Chloride 7791-12-0 - - - - - 15 - - -
Thallium Selenite 12039-52-0 - - - - - 15 - - -
Thallium Sulfate 7446-18-6 - - - - - 15 - - -
Thifensulfuron-methyl 79277-27-3 - - - 0 0 15 - - -
Thiobencarb 28249-77-6 - - - 305 306 15 - - -
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Thiocyanates NA - - - - - 15 - - -
Thiocyanic Acid 463-56-9 - - - 15000000 - 15 - - -
Thiodiglycol 111-48-8 - - - 21200 28600 15 - - -
Thiofanox 39196-18-4 - - - 2000 2000 15 - - -
Thiophanate, Methyl 23564-05-8 - - - 1 1 15 - - -
Thiram 137-26-8 - - - 223 223 15 - - -
Tin 7440-31-5 - - - 0 - 15 - - -
Titanium Tetrachloride 7550-45-0 0 - - 102000000 - 15 - - 0
Toluene 108-88-3 5210 174000 63300 No (1000) 141000000 86700000 15 1.10 - 5210
Toluene-2,4-diisocyanate 584-84-9 0 0 94 -- 74900 6650 15 0.90 26 0
Toluene-2,5-diamine 95-70-5 - - - 22300 10200 15 - - -
Toluene-2,6-diisocyanate 91-08-7 0 0 80 -- 196000 7800 15 1.10 26 0
Toluic Acid, p- 99-94-5 - - - 372 1320 15 1.20 - -
Toluidine, o- (Methylaniline, 2-) 95-53-4 6 - - 1500000 639000 15 1.20 6 -
Toluidine, p- 106-49-0 - - - 1650000 245000 15 1.20 - -
Total Petroleum Hydrocarbons (Aliphatic High) NA - - - 1240000 1240000 15 - - -
Total Petroleum Hydrocarbons (Aliphatic Low) NA 626 20900 26 -- 701000000 461000000 15 1.10 - 626
Total Petroleum Hydrocarbons (Aliphatic Med) NA 104 3480 2 -- 30700000 30600000 15 0.80 - 104
Total Petroleum Hydrocarbons (Aromatic High) NA - - - 100 94 15 0.60 - -
Total Petroleum Hydrocarbons (Aromatic Low) NA 31 1040 428 -- 398000000 262000000 15 1.20 - 31
Total Petroleum Hydrocarbons (Aromatic Med) NA 3 104 320 -- 509000 544000 15 0.90 - 3
Toxaphene 8001-35-2 1 - - 161 135 15 - 1 -
Toxaphene, Weathered NA - - - 161 135 15 - - -
Tralomethrin 66841-25-6 - - - 0 0 15 - - -
Tri-n-butyltin 688-73-3 - - - 625000 293000 15 - - -
Triacetin 102-76-1 - - - 29100 9690 15 1.00 - -
Triadimefon 43121-43-3 - - - 0 0 15 - - -
Triallate 2303-17-5 - - - 1970 1960 15 - - -
Trialuminum sodium tetra
decahydrogenoctaorthophosphate (dihydrate) 15136-87-5 - - - - - 15 - - -
Triasulfuron 82097-50-5 - - - 0 0 15 - - -
Tribenuron-methyl 101200-48-0 - - - 0 0 15 - - -
Tribromobenzene, 1,2,4- 615-54-3 - - - 92800 29500 15 - - -
Tribromophenol, 2,4,6- 118-79-6 - - - 5390 102 15 - - -
Tributyl Phosphate 126-73-8 - - - 16200 6770 15 - - -
Tributyltin Compounds NA - - - - - 15 - - -
Tributyltin Oxide 56-35-9 - - - 240 241 15 - - -
Tricalcium phosphate 7758-87-4 - - - - - 15 - - -
Trichloro-1,2,2-trifluoroethane, 1,1,2- 76-13-1 5210 174000 702 -- 3650000000 2520000000 15 - - 5210
Trichloroacetic Acid 76-03-9 - - - 527000 15100 15 - - -
Trichloroaniline HCl, 2,4,6- 33663-50-2 - - - 1 0 15 - - -
Trichloroaniline, 2,4,6- 634-93-5 - - - 46900 972 15 - - -
Trichlorobenzene, 1,2,3- 87-61-6 - - - 2050000 375000 15 - - -
Trichlorobenzene, 1,2,4- 120-82-1 2 70 150 No (70) 4490000 1360000 15 2.50 - 2
Trichloroethane, 1,1,1- 71-55-6 5210 174000 22700 No (200) 890000000 593000000 15 8.00 - 5210
Trichloroethane, 1,1,2- 79-00-5 0 7 21 No (5) 165000000 91500000 15 6.00 18 0
Trichloroethylene 79-01-6 2 70 16 No (5) 488000000 328000000 15 8.00 48 2
Trichlorofluoromethane 75-69-4 - - - 5930000000 3160000000 15 - - -
Trichlorophenol, 2,4,5- 95-95-4 - - - 79600 36400 15 - - -
Trichlorophenol, 2,4,6- 88-06-2 91 - - 85000 39000 15 - 91 -
Trichlorophenoxyacetic Acid, 2,4,5- 93-76-5 - - - 515 99 15 - - -
Trichlorophenoxypropionic acid, -2,4,5 93-72-1 - - - 145 26 15 - - -
Trichloropropane, 1,1,2- 598-77-6 - - - 24600000 14300000 15 - - -
Trichloropropane, 1,2,3- 96-18-4 0 10 82 -- 29300000 13300000 15 3.20 - 0
Trichloropropene, 1,2,3- 96-19-5 0 10 2 -- 34400000 137000000 15 - - 0
Tricresyl Phosphate (TCP) 1330-78-5 - - - 12 5 15 - - -
Tridiphane 58138-08-2 - - - 6720 19 15 - - -
Triethylamine 121-44-8 7 243 3990 -- 311000000 251000000 15 1.20 - 7
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Triethylene Glycol 112-27-6 - - - 10700 382 15 0.90 - -
Trifluoroethane, 1,1,1- 420-46-2 20900 695000 1280 -- 43100000000 24800000000 15 - - 20900
Trifluralin 1582-09-8 - - - 826 775 15 - - -
Trimagnesium phosphate 7757-87-1 - - - - - 15 - - -
Trimethyl Phosphate 512-56-1 - - - 6400000 73400 15 2.20 - -
Trimethylbenzene, 1,2,3- 526-73-8 63 2090 1590 -- 10900000 5920000 15 0.80 - 63
Trimethylbenzene, 1,2,4- 95-63-6 63 2090 949 -- 13600000 7510000 15 0.90 - 63
Trimethylbenzene, 1,3,5- 108-67-8 63 2090 666 -- 16000000 9060000 15 1.00 - 63
Trimethylpentene, 2,4,4- 25167-70-8 - - - 429000000 79200000 15 - - -
Trinitrobenzene, 1,3,5- 99-35-4 - - - 74 24 15 - - -
Trinitrotoluene, 2,4,6- 118-96-7 - - - 98 34 15 - - -
Triphenylphosphine Oxide 791-28-6 - - - 0 1 15 - - -
Tripotassium phosphate 7778-53-2 - - - - - 15 - - -
Tris(1,3-Dichloro-2-propyl) Phosphate 13674-87-8 - - - 2 1 15 - - -
Tris(1-chloro-2-propyl)phosphate 13674-84-5 - - - 356 1280 15 - - -
Tris(2,3-dibromopropyl)phosphate 126-72-7 0 14 955 -- 7130 7130 15 - 0 -
Tris(2-chloroethyl)phosphate 115-96-8 - - - 941000 363000 15 - - -
Tris(2-ethylhexyl)phosphate 78-42-2 - - - 2 1 15 - - -
Trisodium phosphate 7601-54-9 - - - - - 15 - - -
Tungsten 7440-33-7 - - - 0 - 15 - - -
Uranium (Soluble Salts) NA 0 - - 0 - 15 - - 0
Urethane 51-79-6 0 - - 1260000 656000 15 - 0 -
Vanadium Pentoxide 1314-62-1 0 - - 0 - 15 - 0 0
Vanadium and Compounds 7440-62-2 0 - - - - 15 - - 0
Vernolate 1929-77-7 - - - 114000 114000 15 - - -
Vinclozolin 50471-44-8 - - - 2 2 15 - - -
Vinyl Acetate 108-05-4 209 6950 32100 -- 417000000 260000000 15 2.60 - 209
Vinyl Bromide 593-60-2 3 104 17 -- 5940000000 2850000000 15 9.00 9 3
Vinyl Chloride 75-01-4 17 559 38 No (2) 10000000000 7870000000 15 3.60 17 104
Warfarin 81-81-2 - - - 2 2 15 - - -
Xylene, P- 106-42-3 104 3480 1300 -- 50500000 26000000 15 1.10 - 104
Xylene, m- 108-38-3 104 3480 1250 -- 47300000 26900000 15 1.10 - 104
Xylene, o- 95-47-6 104 3480 1750 -- 37700000 21300000 15 0.90 - 104
Xylenes 1330-20-7 104 3480 1350 Yes (10000) 45600000 16400000 15 - - 104
Zinc Cyanide 557-21-1 - - - - - 15 - - -
Zinc Phosphide 1314-84-7 - - - - - 15 - - -
Zinc and Compounds 7440-66-6 - - - - - 15 - - -
Zineb 12122-67-7 - - - 1 1 15 - - -
Zirconium 7440-67-7 - - - 0 - 15 - - -
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Attachment C-1: ProUCL Ouutput for All Wells (one value per well)

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Suggested UCL to Use

95% Student's-t UCL      13.07

   95% Modified-t UCL (Johnson-1978)      13.07

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL      13.07    95% Adjusted-CLT UCL (Chen-1995)      13.08

5% Lilliefors Critical Value       0.126 Data appear Normal at 5% Significance Level

Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.947 Data appear Normal at 5% Significance Level

Lilliefors Test Statistic       0.111 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.967 Shapiro Wilk GOF Test

SD       1.335 SD of logged Data       0.105

Coefficient of Variation       0.105 Skewness       0.301

Minimum       9.72 Mean      12.75

Maximum      16.59 Median      12.8

Total Number of Observations      49 Number of Distinct Observations      48

Number of Missing Observations       0

Temp

General Statistics

From File   WorkSheet.xls

Full Precision   OFF

Confidence Coefficient   95%

Normal UCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.15/22/2019 5:03:03 PM

I I I I I I I 
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Note: For highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may not be

reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

Attachment C-2: ProUCL Output for Shallow Overburden Wells (one value per well)

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Suggested UCL to Use

95% Student's-t UCL      13.79

   95% Modified-t UCL (Johnson-1978)      13.77

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL      13.79    95% Adjusted-CLT UCL (Chen-1995)      13.55

5% Lilliefors Critical Value       0.262 Data appear Normal at 5% Significance Level

Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.842 Data appear Normal at 5% Significance Level

Lilliefors Test Statistic       0.191 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.943 Shapiro Wilk GOF Test

SD       1.604 SD of logged Data       0.132

Coefficient of Variation       0.125 Skewness     -0.816

Minimum       9.72 Mean      12.86

Maximum      15.03 Median      13.29

Total Number of Observations      10 Number of Distinct Observations      10

Number of Missing Observations       0

Temp

General Statistics

From File   WorkSheet.xls

Full Precision   OFF

Confidence Coefficient   95%

Normal UCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.15/22/2019 4:57:04 PM

I I I I I I I 
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Nobis Engineering, Inc. 

Contractor: Boart Long1'.ear 

Driller: K. Regan 

Nobis Rep.: C Thunberg 

PROJECT 

Nyanza Superfund Site OU2 

Ashland, Massachusetts 

Nobis File No:. _______ 8,,0c,0ce2,c2cc.0c.7 ____ _ 

Rig Type/ Model: ____ _,B,,Lc,Y_M=in,,.i-_,,S,,oc,n,,ic,_ __ ~ 

Hammer Type: --------'N.,,l,cA,_ _____ _ 

Hammer Hoist: N/A 

Boring No:. -----~B~·~1,_ _____ 
1 

Boring Location: 0S~e~e~P~l~•~n,_ ________ 1 

Checked by: ---~J~-~B~r~u~n•~l~le'------ I 

Date Start: September 29, 2009 

Date Finish: September 30, 2009 

Ground Surface Elev.: ---------1 

Top-of-Riser Elev.: ----------1 

Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic 

Size 4 

Advancement Sonic 

~ ._~SAc..M=P=LE_IN_F_O_R_M_A_T_IO_N _ _, 
~ 

Q. Type Rec 
~ & No. (in.) 

RS-1 18 

1 

2 

3 

4 

5 
RS-2 40 

6 

7 

8 

9 

10 
RS-3 18 

11 

12 

13 

14 

15 
RS-4 38 

16 

17 

18 

19 

20 

Deplh 
(ft) 

0-5 

5-10 

10-15 

15-20 

Blows/ 
6 in. 

PID 

f--

f---

-
__!_ 

-
-
-
-

-
-
~ 

~ 

~ 

__!_ 

f--

f--

f---

~ 

~ 

~ 

~ 

>---
...._!_ 

~ 

~ 

~ 

~ 

f--

f---

Poly Bag 

rn 
.'l 

SAMPLE IDENTIFICATION REMARKS: 
G -Geoprobe 
S - Split Spoon 
U - Undisturbed Sample 
R - Core Run 

Date. 

STRATUM 

Time Depth Below Ground {ft. Depth of Casing (ft.) Depth to Bottom of Hole {ft.) Stabilization Tim 

10.0 

SAMPLE DESCRIPTION 
(Soil: ASTM D2488 Visual Manual Procedure 

As Modified by Nobis) 

Organic Soil With Sand, (OL) brown, moist, Heavily rooted forest loam 

Silty Sand With Gravel, (SM) 20 % gravel, brown, wet, Dry at tip of the bag. 
Screened full length. Upper layer is thinly stratified. Lower portion contains 20% fine 
to coarse gravel. 

Poorly Graded Sand With Gravel, (SP) 30 % gravel, brown, wet 

Poorly Graded Sand With Gravel, (SP) 10 % gravel, gray, wet, Brown to gray at the 
bottom. 

I 
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Nobis Engineering, Inc. 

Contractor: Boart Longyear 

Driller: K. Regan 

Nobis Rep.: C Thunberg 

Drilling Method Sampler 

Type MiniwSonic Poly Bag 

Size 4 

Advancement Sonic 

PROJECT 

Nyanza Superfund Site OU2 

Ashland, Massachusetts 

Nobis File No:. ____ ...,8e,0,c0s,2ec2.c,0.!_7 ___ _ 

Rig Type/ Model: ----~B~L~Y~M=in~i-~S"'o~n~ic~--

Hammer Type: ------~N~/A~------

Hammer Hoist: N/A 

Boring No:. -------"'B=-·1.__ ____ _ 

Boring Location: ~Seceecec,P_,l,,a"n _______ _ 

Checked by: ____ ,cJ.'--'B,,,r_,,u,.,ne_,l,,le'-----

Date Start September 29, 2009 

Date Finish: September 30, 2009 

Ground Surface Elev.: ________ _ 

TopwofwRiser Elev.: _________ _ 

Datum: NGVD 

Groundwater Observations 
Date Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Timi 

10.0 

~ e----=S:;A.::Mc:.P.::LE=,c:IN.::F..:0:.:R.::M:::A.::T~IO=.Nc.:....-J 
~ 

Q. Type Rec PID 

STRATUM 
§ 2 >--~----

~ £ 3 j~ 
SAMPLE DESCRIPTION 

{Soil: ASTM D2488 Visual Manual Procedure 
As Modified by Nobis) ~ & No. (in.) 

t; 

" g 
" w 
w z 
5 z 
w 

"' a; 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

~ 40 

RS-5 20 

RS-6 40 

RS-7 3 

RS-8 60 

Depth 
(ft) 

20-25 

25-30 

30-35 

35-40 

Blows/ 
6 in. 

__!__ 

I-

I-

I-

I-

I-

I-

I-

I-

-
__!__ 

-

-
-
-
-
I-

I-

I-

I-

1 
I-

I-

I-

I-

I-

I-

I-

I-

I-

I-

I-

I-

I-

I-

I-
3.7 
I-

I-

20.4 
I-

1-

28.5 

REMARKS: 0 SAMPLE IDENTIFICATION g,1---==-::::::..::::..======--1 
~ G w Geoprobe 
~ S - Split Spoon 
~ U w Undisturbed Sample 
o R w Core Run 

WO 

Sandy Silt, (ML) 70 % fines, olive, wet, Thinly stratified, little gravel observed. 

Sandy Silt, (ML) 3 inches of silt observed. 

Silty Sand With Gravel, (SM) 30 % fines, gray, Glacial Till. No signs of DNAPL 
observed. Bedrock estimated at 39.5 feet based on drilling. No visual or olfactory 
evidence of NAPL noted. 

,n.._ __________ _,_ _______________________________________________ .... 



PROJECT Boring No:. B-1 ~- --· - Boring Location: See Plan ----- =~ ~=-=== ----- Nyanza Superfund Site OU2 -- -- - -- -- ------·-------~~-~ Ashland, Massachusetts Checked by: J. Brunelle 

Date Start Se12tember 29, 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: SeQtember 30, 2009 

Contractor: Boart Longyear Rig Type/ Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: N/A Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: N/A Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Time 

" 10.0 
Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION STRATUM "' "- u, SAMPLE DESCRIPTION "' Co 0: 
lt Type R& Depth Blows/ PIO ~~ ~ ';; g (Soil: ASTM D2488 Visual Manual Procedure -< 
• 0 &l~ As Modified by Nobis) 

::, 
&No. (in.) {ft) 6 in. J w 0 

0: 

RS-9 30 40-42.5 15.9 
~ 

0: 41 
~ 

<'! 
"' ~ 

" g 42 ,_ 
" z ' " 43 I 0.7 Few fragments of pink granite, coarse grained, containing quartz. biotite and 0 
m feldspar. Bedrock from 42.5 feet to 50 feet. Bottom of exploration at 50 feet. ~ 
0 '-- No visual or olfactory evidence of NAPL noted. Strong "cherry" ~ 
0 44 '-- odor. 0 

iii 
" ~ 

0 45 J ~ 

" z 
~ 

" 0 46 m , __ -,.. 
0 
t: ' 
~ 47 

' -< 
0 

'--J 
-< 48 C> '--z 
I 

'--C> 
w 49 cc ~ N 
~ 
0 ~ 

~ 50 ~ z 
~ ' -z 
N 51 N ' 0 
0 
~ 

'--in 
~ 52 w '--0 
~ 
0 ~ 

~ 53 
~ ~ 

0 ~ 
0 
0 54 0 ~--
~ 
~ 

' 0 55 ~ ' :' 
m '--'ii 56 '--" 

~ 

~ 57 0 ~ 

" 0 
~ z 

" 58 w , ____ 
w z 

" ' z 59 w ' 
isl '--0 z 60 

" SAMPLE IDENTIFICATION REMARKS: g 
w G - Geoprobe 
J 

S - Split Spoon 0 
I 
w U - Undisturbed Sample 
~ 
0 R - Core Run 
m 
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Nobis Engineering, Inc. 

Contractor: Boart Longyear 

Driller: K. Regan 

Nobis Rep.: C Thunberg 

PROJECT 

Nyanza Superfund Site OU2 

Ashland, Massachusetts 

Nobis File No:. ____ _,Bc,0c,,0,,22=·ce0.c7 ____ _ 

Rig Type/ Model: ____ .,,Be,Lc,Y...,M=in,,_i-.,,S"'o"n"'ic~---

Hammer Type: -------'N,,IA'-'------

Hammer Hoist: -------'N"/"A~------

Boring No:. B-2 

Boring Location: ~S~e"'e~P~l=a~n ________ 1 

Checked by: ____ J~-~B~ru=ne~l~le~---- I 

Date Start: October 01, 2009 

Date Finish: October 01, 2009 

Ground Surface Elev.: _________ 
1 

Top-of-Riser Elev.: ----------1 

Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini•Sonic Poly Bag Date lime Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Time 

10.0 
Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION STRATUM "' s §2 SAMPLE DESCRIPTION ~ 
0: 

-§. Type Rec Depth Blows/ PID 
~~ rn ]~ (Soil: ASTM D2488 Visual Manual Procedure ., 

• (in.) 
0 As Modified by Nobis) " &No. (ft) 6 in. J w □ WO 0: 

RS-1 38 0-5 
~-

Sandy Organic Soil With Gravel, (OL) 5 % gravel, brown,-dry, Topsoil with olive 
brown silt observed. 

1 
' 
' 

2 . 

'-
'-

3 
~ 

~ 

4 ~ 

~-·-

5 
' RS-2 60 5-10 I 1.3 Sandy Organic Soil With Gravel, (OL) 5 % gravel, brown, dry, 24 inches of topsoil. 

6 

I '-
'-

7 
~ 

r:. >'.· Poorly Graded Sand With Gravel, (SP) 
~ () B ~ 

~ 

\ 9 
' 
' 

10 '- "l- +. RS-3 40 10-15 ~ ,·.· 
Poorly Graded Sand With Silt And Gravel, (SP-SM) 20 % gravel, 40 % sand, 1 0 % 
fines, brown, wet, Approximately 8 inches of silt at the top of the bag. 

11 
~ 

~ 

12 
~ 

~ 

13 
' I 
' ·. 

14 '-
'-

15 ·-·. 
~ :..:..: 

RS-4 50 15-20 ~ 

it 
Poorly Graded Sand, (SP) 10 % gravel, 10 % sand, brown, wet 

16 
~ 

~---

17 
' I> ' 

18 I> '-
'-

I\ 19 
~ 

~ --_.:_.->, 
20 

SAMPLE IDENTIFICATION REMARKS: 
G - Geoprobe 
S - Split Spoon 
U - Undisturbed Sample 
R - Core Run 
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Nobis Engineering, Inc. 

Contractor: Boart Long1ear 

Driller: K. Regan 

Nobis Rep.: C Thunberg 

PROJECT 

Nyanza Superfund Site OU2 

Ashland, Massachusetts 

Nobis File No:. _____ 8~0,.,0ec2ec2c,.0c.7 ____ _ 

Rig Type/ Model: ____ _,B,_.Lc,Y~M=in,,.i-_,Sc,Occn~ic'-----

Hammer Type: ______ __,N.,,t,.A,_ _____ _ 

Hammer Hoist N/A 

Boring No:. _____ __,,B:::,•2._ ____ _ 

Boring Location: ,s,,e,,eecPc.l,ea,enc._ _______ 1 

Checked by: ____ ,,.J.,.,B,,rceu,en,eel,,,Jee_ ____ 1 

Date Start: October 01, 2009 

Date Finish: October 01, 2009 

Ground Surface Elev.: __________ 
1 

Top-of-Riser Elev.: __________ 1 

Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date 

Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION 
-g li; 

STRATUM 
$ 

li. PIO ,-
]~ Type Rec Depth Blows/ ~~ s • & No. (in.) (ft) 6 in. 0 WO 

RS-5 4 20-25 ~ << 21 <------- .· .. 

< ~ 

22 
~ -:':\-. 
~ . ,. 

23 
~ / 
~ . ·. 

24 :i:._( .. · <-------
<-------

:.\_: 
"i:-.(· 25 - :\ RS-6 24 25-30 1 - ·i:-.:.•_:_· 26 - \ 

- .· :.-_:. 
27 - < 

- .· ,:. 
:: 28 -

-
29 

~ 

~ 

30 
~ 

RS-7 4 30-35 3.5 
~ 

31 
~ 

~ 

32 <-------
<-------

33 
~ 

~ 

34 
~ 

~ 

35 
~ 

RS-8 50 35-40 ~ 
36 . 

<-------
<-------

37 
~ 

~ 

38 
~ 

~ 

39 
~ 

~ 

40 28.5 
SAMPLE IDENTIFICATION REMARKS: 
G - Geoprobe 
S - Split Spoon 
U - Undisturbed Sample 
R - Core Run 

Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Timi 

10.0 

SAMPLE DESCRIPTION 
{Soil: ASTM D2488 Visual Manual Procedure 

As Modified by Nobis) 

Poorly Graded Sand, (SP) 10 % sand, brown, wet, Poor recovery 

Poorly Graded Sand, (SP) brown, wet 

Silt With Sand, (ML) 60 % fines, olive brown, wet 

Silt With Sand, (ML) olive brown, wet, mostly water in the bag. Poor recovery. No 
visual or olfactory evidence of NAPL noted. 

Poorly Graded Sand With Silt And Gravel, (SP-SM) 5 % gravel, 5 % sand, 1 0 % 
fines, gray, wet, Estimating tip of the rock surface at 39.5 feet. No visual or olfactory 
evidence of NAPL noted. 



PROJECT Boring No:. B-2 - ... ~ --- --- - -- -~ --- Boring Location: See Plan -- --- --- --- Nyanza Su12erfund Site OU2 -- ·- - ---- ---__ .. _______ 
~-.r- -~ -.---: Ashland, Massachusetts Checked by: J. Brunelle 

Date Start: October 01, 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 01, 2009 

Contractor: Boart Longyear Rig Type/ Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: N/A Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: N/A Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Tim ,, 10.0 
Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION STRATUM ~ es -g a; SAMPLE DESCRIPTION QC 

-g_ PID o-
j~ (Soil: ASTM 02488 Visual Manual Procedure -< Type Rec Depth Blows/ ~~ §' " • &No. (in.) (ft) 6 in. As Modified by Nobis) w 0 WO QC 

RS-9 60 40-45 10.1 Poorly Graded Sand With Silt And Gravel, (SP-SM) Similar to previous sample No 

<( 41 
visual or olfactory evidence of NAPL noted. 

-
"! 
00 '--" g 42 

~ 

" z ~ 

ii' 
0 43 ~ "' ~ Bedrock from 43 feet to 48 feet. Bottom of exploration at 48 feet. 
0 '--· N No visual or olfactory evidence of NAPL noted. N 

44 0 

' 
0 

iii 
' " 0 45 J '--

" RS-1 36 45-48 z '--ii' 
0 46 

"' ~ 

0 
t: ~ 

;o 47 ~ 

-< 
0 
J ~ 

-< 48 u ' z 
I 

' u 
w 

49 >o '--N 
~ 
0 '--
,5 50 z ~ 

:;: 
~ z 

N 51 N ~ 
0 
0 
~ 

~ '5 
QC 52 w ' 0 
QC 

0 ' 
"' 53 
~ '--
0 
0 '--
0 54 0 ~ 

~ 
QC 

~ 

0 55 .. ~ 

" m ~-
e 

56 .. 
' s 

; ' 
0 57 '--" ci '--z 
ii' 58 w ~ 
w z 
0 ~ 

z 59 w ~ 

"' "' , ____ 
0 z 60 

" SAMPLE IDENTIFICATION REMARKS: 0 
J 

G - Geoprobe w 
J 

S - Split Spoon 0 
I 

U - Undisturbed Sample w 
QC 

0 R - Core Run 
"' 



PROJECT Boring No:. B-3 -- ~ --·- - Boring Location: See Plan -- ---- r- --------- --- --- Nyanza Superfund Site OU2 ==~ ':'= :=: = =·=----= 
~ ~-~ Ashland, Massachusetts Checked by: J. Brunelle 

Date Start: October 01, 2009 
Nobis Engineering, Inc_ Nobis File No:. 80022.07 Date Finish: October 02, 2009 

Contractor: Boart Longyear Rig Type I Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: N/A Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist N/A Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date Time Depth Below Ground (ft. Depth of Casing (fl) Depth to Bottom of Hole (ft.) Stabilization Time ,, 10.0 
Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION 
§2 

STRATUM 
SAMPLE DESCRIPTION !:1 " "' t Type Rec Depth Blows/ PID 

~~ rn ]~ (Soil: ASTM D2488 Visual Manual Procedure ,,c 
::; • & No. (in.) (ft) 6 in. .3 As Modified by Nobis) w □ WO 
"' 

RS-1 24 0-5 1 Organic Soil, (OL) brown black, moist, Poor recovery 24 inches. Topsoil/loam over 

ii'. 1 
sand and gravel with roots. 

-" "' " -
0 2 -
J ~ 

" z ~ 

" 0 3 ~ ro 
~ g ~--
N 

4 0 

' 
0 

05 
' " g 5 '--

" RS-2 48 5-10 ~ Organic Soil, (OL) brown black, moist, 12 inches of topsoil. z 

" 0 6 g, ~ 

□ r ~ ,,, 7 ~ s' 
□ 
J ~ ,,, 

8 
-- -- Sandy Silt, (ML) 60 % fines, brown, wet u 

' I-CC z 
I 

-_ --
u ' · .. _:.:.:_ 
w 

~ 9 '-- 1--i-
=> .. : ... ·>. 0 '--,,c 

10 sz I>> N 
~ z 

,,c RS-3 38 10-15 ~ - ·:-:.-:. Poorly Graded Sand With Gravel, (SP) 5 % gravel, 10 % sand, 5 % fines, brown, wet >-z [:_:., .. 
~ 11 

~ 0 ·:.-..-:, 0 

05 ~ I i: ~ 12 w ' 0 ·:.:.-:. 
~ 

' l>i 0 
~ 13 "' '-- ·:.:.-: ,,c 
>-- I>\ 0 '--0 
0 14 ·:.:.-: 0 

~ 
~ I\ ~ 

~ 

0 15 

B • ~ 

~ RS-4 48 15-20 ~ Poorly Graded Sand With Gravel, (SP) 30 % gravel, brown, wet 
m 
0 

•J ;, 16 
' ~ fi-
' ."CJ>:·:. 

>-- 17 ;9 □ '--" 0 z '-- /1 " 18 w ~ 
w z 

~ 
:r:;>:•:. 

6 /9 z 19 w ~ 

"' ?i as ~ 
0 z 20 

" SAMPLE IDENTIFICATION REMARKS: 0 
J 

G - Geoprobe w 
6 S - Split Spoon 
I 
w U - Undisturbed Sample 
"' 0 R - Core Run ro 



PROJECT Boring No:. B-3 
-i:::.- --· - Boring Location: See Plan ----- =·~~=-~ ----- Nyanza Superfund Site OU2 -- ·- - -- - -- ~ -- ~-------~ ... ---------- Ashland, Massachusetts 

Checked by: J. Brunelle 

Date Start: October 01, 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 02, 2009 

Contractor: Boart Longyear Rig Type I Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: NIA Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: NIA Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole {ft.) Stabilization TimE 

" 10.0 
Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION STRATUM 
SAMPLE DESCRIPTION !2 ,s §2 ~ 

il. Type Rec Depth Blows/ PID £i il' -;:g (Soil: ASTM D2488 Visual Manual Procedure ~ 

" • &No. (in.) (ft) 6 in. J " . As Modified by Nobis) w 0 WO tt 

RS-5 60 20-25 ~ 

II' 
Poorly Graded Sand, (SP) 50 % sand, brown, wet, 18 inches of poorly graded sand 

o'. 21 
followed by 14 inches of gravel layer mostly fine gravel. 

'-' 
~ 

"' ~ 

" g 22 
' 

" z 
' i< 

23 0 

'° '---- f" 
~ 

1.f·.i:: Silty Sand, (SM) 40 % fines, olive brown, wet 0 '----~ 
0 24 .• r::. :: 0 ~ 

'5 
~ 

1:l·.i:: 

" 0 25 J ~ 

" RS-6 60 25-30 ~ Silty Sand, (SM) 5 % gravel, 25 % fines, olive brown, wet, Possible glacial till (soil z 
i< structure disturbed -angular gravel observed) 0 26 
~ ' 
0 
t: ' ;:: 27 '----« 
0 

'----J « 28 " '----z 
I 

" ~ 

w 
29 'o ~ N 

" 0 ~ 

;5 30 ~--z « RS-7 0 30-35 I 0.1 No recovery . >-z 
N 31 N ' 0 
0 
~ '----· '5 
~ 32 w '----0 
~ 
0 ~ 

"' 33 
~ ~ 

0 ~ 
0 
0 34 0 ' . 

~ 
' 0 35 .. '------:' RS-8 21 35-38.5 ~ Silty Sand, (SM) No evidence of DNAPL. 

m 

" 36 .. 
L.____ 

" 
~ 

r 37 0 
~ 

" "' ~ z 
i< 38 w ' w z 

' " z 39 RS-9 0 38.5-43.5 Bedrock from 38.5 feet to 43.5 feet. w L.____ 
No visual or olfactory evidence of NAPL. "' '° L.____ 

0 z 40 

" SAMPLE IDENTIFICATION REMARKS: 0 
J 

G - Geoprobe w 
J 

S - Split Spoon 0 
I 

U - Undisturbed Sample w 
~ 
0 R - Core Run 
w 



PROJECT Boring No:. B-3 ~- -·- Boring Location: See Plan :=::.:.. ,:;:r.,.: --= -~ ~ ~=== -- -- - -- -- --- Nyanza Superfund Site OU2 -- ·-------~~- -- ----:- Ashland, Massachusetts Checked by: J. Brunelle 

Date Start: October 01, 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 021 2009 

Contractor: Boart Long:tear Rig Type/ Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: N/A Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: N/A Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Timi 

" 10.0 
Siz_e 4 

Advancement Sonic 

~ SAMPLE INFORMATION STRATUM "' " §2 SAMPLE DESCRIPTION " a: 
t Type Rec Depth Blows/ PID o• 0 --;; :i (Soil: ASTM D2fl88 Visual Manual Procedure ~ "" 0 • &No. (in.) (ft) 6 in. J ~ c3 As Modified by Nobis) w 0 a: 

~ 
Bottom of exploration at 43.5 feet. 

" 41 
~ 

" "' ~ 

" 0 42 J 
' 

" z ' "' 43 0 ,____ 
m 
~ 

el ,____ 
N 44 0 

~ 0 

'5 
~ " g 45 
~ 

" z 
~ 

"' 0 46 
' m 

~ 
0 
':: ' 
~ 47 ,____ 
0 ,____ 
J 
~ 48 u 

~ z 
I 
u ~ 

w 
49 ~ ~ 

" 0 ~ 

~ 
50 N ' - -z 

~ 
' z 

N 51 N ' 0 
0 

" 
,____ 

"' a: 52 w ,____ 
0 a: 
0 ~ 

" 53 "' ~ ;o 
0 ~ 
0 
0 54 0 ' ~ 
a: 

' 0 55 " ,____ 
~ 
m ,____ 
" 56 " ~ s 
~ 

~ 

0 57 
~ 

" 0 
~ z 

"' 58 w ' w z 

" ' z 59 w ,____ 
"' in ,____ 
0 z 60 

" SAMPLE IDENTIFICATION REMARKS: 0 
J 

G • Geoprobe w 
J 

S - Split Spoon 0 
I 

U - Undisturbed Sample w a: 
0 R • Core Run 
"' 



PROJECT Boring No:. B-4 - .. --:-- --- ,_ -- --- Boring Location: See Plan ==.:.. ~='~ -·---- N~anza Su[!erfund Site OU2 -- ------- ._ -- ~-------~ ... ~~ Ashland, Massachusetts Checked by: J. Brunelle 

Date Start: October 05. 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 05, 2009 

Contractor: Boart Long~ear Rig Type/ Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K.Regan Hammer Type: N/A Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: N/A Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date 

" 
Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Time 

Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION STRATUM !:/ 
" §2 SAMPLE DESCRIPTION 

"' -K Type Rec Depth Blows/ PID ~i § ";;~ (Soil: ASTM 02488 Visual Manual Procedure ., 
" • &No. {in.) (It) 6 in. " . As Modified by Nobis) w D WO 
"' 

RS-1 18 0-5 1 
r--

Organic Soil With Gravel, (OL) dark brown, moist, Topsoil 

ic 1 r--
" "' r--" 0 2 J ~ 

" z 
~ 

" 0 3 
"' r--
~ 

~ r--
N 

4 0 
0 r--

::l 
r-- ~ " g 5 -

" Organic Soil With Gravel, (OL) dark brown, moist z RS-2 60 5-10 1 

" -
0 6 Silty Sand, (SM) 30 % fines, brown, moist 
g, -
b 
t: -., 7 
~ -
J - . .-·. 
cl 8 

•. Silty Sand With Gravel, (SM) 20 % gravel, 15 % fines, brown, dry 
-z 

r ...... 
" -w 

9 ~ -
" . .-·. 
0 - .-
~ 10 N z -

\ Poor1y Graded Sand, (SP) brown, wet, trace silt observed. ~ RS-3 16 10-15 1.1 
z -
N 11 N -0 
0 

::l -
"' 12 

/ 
'" -0 

"' 0 -
" 13 "' -., 
>- ::·:: 0 -0 
0 14 0 

~ -
0: -

4 0 15 ~ -
::' RS-4 60 15-20 1 ~.•. Poorly Graded Gravel With Sand, (GP) 60 % gravel, brown, wet 
rn -

~-
~ 16 s -

e- r--

0 17 Poorly Graded Sand, (SP) 1 O % sand, brown, wet 
" r-- ) ci r--z 

" 18 
'" ~ 

'" Silty Sand, (SM) 60 % fines, olive brown, wet, Dilatancy quick. z 
a ~ 

z 19 '" r--

"' a; r--0 z 20 

" SAMPLE IDENTIFICATION REMARKS: 0 
J 

G - Geoprobe '" J 
S - Split Spoon 0 

r U - Undisturbed Sample '" 0: 
0 R - Core Run 
"' 



PROJECT Boring No:. B-4 --~ --·- --- -c --- Boring Location: See Plan ---------- ------ Nyanza Superfund Site OU2 -- ------- ~ -- ·- -- --·---- -~- -- -i--- Ashland, Massachusetts 
Checked by: J. Brunelle 

Date Start: October 051 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 05, 2009 

Contractor: Boart Longyear Rig Type I Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: N/A Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist N/A Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (fl) Stabilization Time 

" Size 4 

Advancement Sonic 

- SAMPLE INFORMATION STRATUM ::1 "' -g ~ SAMPLE DESCRIPTION 

" -ii. PID 
,_ 

-, 0 (Soil: ASTM D2488 Visual Manual Procedure "' Type Rec Depth Blows/ ~~ rn 
0 ]:;i " • &No. (in.) (ff) 6 in. J As Modified by Nobis) '" □ WO 

" RS-5 60 20-25 c...2_ Silty Sand, (SM) 60 % fines, olive brown, wet 

cl 21 
' " "' ' " □ J 22 '--

" z '--~ 
23 0 

~ "' ~ 
~ ~ 

0 24 
~ 0 ,. 

"' ~----" 0 25 J 

' " RS-6 60 25-30 I 4.5 Silt, (ML) 70 % fines, olive brown, wet, Thinly stratified. z 
~ 
0 
11 

26 '--
□ '--c 
"' 27 
~ 

~ 

J ~ 

"' 28 u ~ z 
I 
u ~ 

'" 29 l:s ' ~ 
0 

' 

"' 30 N 
'--z 

~ RS-7 60 30-35 ~ Poorly Graded Sand Wlth Silt, (SP-SM) 5 % gravel, 5 % sand, 10 % fines, wet, 
z Probable till. No indication of DNAPL. 
~ 31 

~ 0 
0 

65 ~ 

" 32 '" ~ 

□ 

" 0 ~ 

~ 33 "' ' "' ~ 
0 ' 0 
0 34 0 '---~ 

" '---
~ 35 ~ ~ 

" RS-8 60 35-40 ~ Poorly Graded Sand With Silt, (SP-SM) 5 % gravel, 5 % sand, 1 O % fines, wet, rn 
Distinct pungent odor, but no visual indication of NAPL. ~ 36 s ~ 

,_ -

~ 37 □ ' " 0 
' z 

~ 38 
'" '---'" z 

'---a z 39 '" ~ 

"' a; 
~ 

0 z 40 

" SAMPLE IDENTIFICATION REMARKS: 0 
J 

G - Geoprobe '" J 
S - Split Spoon 0 

I 
U - Undisturbed Sample '" " 0 R - Core Run 

"' 



PROJECT Boring No:. B-4 - ... ~ -==.=..":='..: = -~ ~ =--=== Boring Location: See Plan 

==:=.. ..,..= - : = = =--.--= Nyanza Su[1erfund Site OU2 
~~-~ Ashland, Massachusetts Checked by: J. Brunelle 

Date Start: October 05, 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 05, 2009 

Contractor: Boart Longyear Rig Type/ Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: N/A Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: N/A Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date 

~ 

Time Depth Below Ground {ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Tim 

Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION STRATUM "' s §2 SAMPLE DESCRIPTION "' ~ 
ll. Type Rec Depth Blows/ PID 0. ~ ;g {Soil: ASTM D2488 Visual Manual Procedure ~ "~ ~ • & No. (in.) (fl) 6 in. 3 &l~ As Modified by Nobis) w □ ~ 

RS-9 18 40-41.5 I Poorly Graded Sand With Silt, (SP-SM) 5 % gravel, 5 % sand, 10 % fines, wet 
~ 

'" 41 -
" '" -" 0 42 J -" z 

~ ii' 
0 43 
"' ~ 

~ 
0 

~ N 
N 44 0 
0 ~ 

iii 
" f--

0 45 J 
f--

" z 
ii' f--

0 46 .. ~ 

□ 
t: ~ 

~ 47 
f--

~ 
□ 
J f--
~ 48 " f--z 
I 

" f--
w 49 :;; f--
=, 
0 f--
;5 50 z ~ 

~ z ~ 

N 51 N 
f--0 

0 

iii f--

~ 52 w f--
□ 
~ 
0 f--

"' 53 
~ f--

0 f--0 
0 54 0 

~ ~ 

~ 
~ 

0 55 " f--::, 
m f--e 56 " "" -

,.'. -
□ 57 

" -
ei z -
ii' 58 w -w z 
ei -
z 59 w -
~ -0 z 60 

" SAMPLE IDENTIFICATION REMARKS: 0 
J 

G -Geoprobe w 
J 

S - Split Spoon 0 
I 
w U - Undisturbed Sample 
~ 
0 R - Core Run 
"' 



PROJECT Boring No:. B-5 -- ~ --·- Boring Location: See Plan _,_ --- -- .,_ -. ----- --- -·---- Nyanza Superfund Site OU2 -- ------- ---- ~--------- - ""!!""'"- --- -...---- Ashland, Massachusetts Checked by: J. Brunelle 

Date Start: October 05, 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 06, 2009 

Contractor: Boart Longyear Rig Type/ Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: N/A Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: N/A Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date Time Depth Below Ground (fl. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Tim 

" 
Size 4 

4.28 
Advancement Sonic 

~ SAMPLE INFORMATION 
-g qi 

STRATUM 
SAMPLE DESCRIPTION !!! " WELL DETAIL 

"' 1i. PID 
,_ 

;g {Soil: ASTM D2488 Visual Manual Procedure ., Type Rec Depth Blows/ ~~ rn ::, • 0 " . As Modified by Nobis) & No. (in.) (ft) 6 in. J w □ WO 
"' 

RS-1 34 0-5 c.._J__ Organic Soil With Sand, (OL) dark brown, moist, Topsoil. 

« 1 
' ■ (9 

"' ' (9 
0 
J 2 '--
(9 
z -oc 

3 0 -"' ~ 
0 
N -
N 

4 0 
-0 

'l ,Jl 
(9 --

g 5 
' 

Silt, (ML) 70 % fines, olive brown, wet 
(9 

RS-2 44 5-10 e-1__ Organic Soil, (OL) dark brown, wet, Fill. z 
oc 
0 6 
~ '--
□ '--le 

~ 7 
~ 

,. Silty Sand, (SM) brown, wet 

□ 
J ~ ., 

8 Silty Sand, (SM) brown, dry 
" ~ z 
I 

" ~-
w 

9 ~ ' => . { :: 
0 

' (: _ _.. 
~ 10 '-- f' t..;~· z ;; RS-3 24 10-15 e-1__ 

i/ 
Poorly Graded Sand, (SP) 1 0 % sand, brown, wet 

z 
N 11 N ~ 0 
0 ,. 

~ 

J; 
IQ 12 w ~ 

□ 

"' 0 ~--

"' 13 "' ' 
'° 0 ' 0 
0 14 0 '--

IL ~ 

"' '---; 
15 " ~ 

:' RS-4 24 15-20 e-1__ Poorly Graded Sand With Gravel, (SP) 20 % gravel, 
m 

brown, wet " 16 ,: " ~ ~ - ' e- 17 

~ 
□ ' (9 

ci '---

f·l 
z 
oc 18 w '---w z 

~ 
ci ~ Cement z 19 Grout w ~ 

"' a; 
~ ·) 0 z 20 

0 SAMPLE IDENTIFICATION REMARKS: 0 
J 

G - Geoprobe w 
J 

S - Split Spoon 0 
I 

U - Undisturbed Sample w 

"' 0 R -Core Run 
"' 



. -
Nobis Engineering, Inc. 

Contractor: Boart Longyear 

Driller: K. Regan 

Nobis Rep.: C Thunberg 

PROJECT 

Nyanza Superfund Site OU2 

Ashland, Massachusetts 

Nobis File No:. ____ _,,80-0.,02,,2,, . .,0,_7 ____ _ 

Rig Type/ Model: ____ __,B,.L,_.Y__,M=in,,:i-:,S00o:cn,,ic~---

Hammer Type: -------'-N"'/Ac,_ _____ _ 

Hammer Hoist: _______ _,N,,i,_A,_ _____ _ 

Boring No:. 8-5 

Boring Location: 0S~e~e~P~l~•~"~-------· I 

Checked by: ---~J~-~B~ru.,n~e~l,,le~---- 1 

Date Start: October 05, 2009 

Date Finish: October 06, 2009 

Ground Surface Elev.: 

Top-of-Riser Elev.: _________ _ 

Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic 

Size 4 

Advancement Sonic 

~ ,__..cS::_A::M:::P__:L::E:.:l::_N::_F.::O::_R::M:::A.::TcclO=Nc....J 

lo 
" <!i z 
~ 
w 
w z 
~ 
w 

"' m 

jj_ 
/!: 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

D 
z 40 

Type Rec 
& No. (in.) 

RS-5 48 

RS-6 48 

RS-7 30 

RS-8 60 

Depth 
(ft) 

20-25 

25-30 

30-35 

35-40 

Blows/ 
6 in. 

PIO 

~1 

' 
' 
-
-
-
-
-

' 

e---1_ 
,___ 
,___ 
~ 

~ 

~ 

~ 

' 

' ,___ 
,_E___ 
~ 

~ 

~ 

,_ 

' ,___ 
,___ 
~ 

~ 

e---1_ 
,_ 

' 
' ,___ 
,___ 
~ 

~ 

~ 

Poly Bag 

, .. ··· 
1·.-

i::-c"· 

I/ 
} 

I\ 
It 

(!) SAMPLE IDENTIFICATION g1--=:c:::.:...:::::..::::.=:..:.c"-'.O'.:..:.:.:.:C::.:.~ REMARKS: 
~ G - Geoprobe 
~ S - Split Spoon 
~ U - Undisturbed Sample 
o R -Core Run 

Date Time Depth Below Ground (ft. Depth of Casing {ft.) Depth to Bottom of Hole (ft.) Stabilization Tim 

4.28 

SAMPLE DESCRIPTION 
(Soil: ASTM D2488 Visual Manual Procedure 

As Modified by Nobis} 

Poorly Graded Sand With Gravel, (SP) 20 % gravel, 
brown, wet 

Silt, (ML) 60 % fines, olive brown, wet, Stratified. 

Silt, (ML) 60 % fines, olive brown, wet 

Poorly Graded Sand With Silt, (SP-SM) 10 % fines, 
brown, wet 

Poorly Graded Sand, (SP) brown, wet 

Poorly Graded Sand With Silt, (SP-SM) 10 % fines, 
brown, wet, Glacial till. No visual or olfactory evidence of 
NAPL noted. 

WELL DETAIL 

Bentonite 
seal 

2in. 
stainless 
steel slotted 
pipe 
~~cased in 

m._ __________ ...J... _______________________________________________ ..J 



PROJECT Boring No:. B-5 
--:.~ -==:.:.. ~="'~ = -~ ::; =-=== Boring Location: See Plan -- -- - -- -- --- N)lanza SuQerfund Site OU2 -- ·-------~~-~ Ashland, Massachusetts 

Checked by: J. Brunelle 

Date Start: October 05, 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 06, 2009 

Contractor: Boart Longyear Rig Type I Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: NIA Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: NIA Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Tim 

" Size 4 

4.28 
Advancement Sonic 

~ SAMPLE INFORMATION STRATUM 
SAMPLE DESCRIPTION !2 ;s §2 WELL DETAIL 

" 1j_ Type Rec Depth Blows/ PIO 0. ~ -;~ (Soil: ASTM D2488 Visual Manual Procedure 
i, ;< 0 " • &No. (in.) (ft) 6 ln. J ~- As Modified by Nobis) w □ W □ 

"' 
RS-9 24 40-43 ~ Poorly Graded Sand With Silt, (SP-SM) 10 % fines. 

I< @ brown, wet Strong pungent odor and high PID readings. 

" 41 ..__ No visual evidence 

" I:: : "' ..__ of NAPL noted. 
[:• . I::: " .. 

□ 42 I< I::: J ~ I::: " z 
~ :t::: .. oc I::: □ 43 a, 

RS-11 
~ I::: 

~ 60 43-47 --~ 
0 ~ -~ 
N 

:t::: N 
44 .. 0 

I::: 0 ..__ 
ro 

I::: '5 

" 
..__ --~ -~ 0 45 :t:.. J <------- .. 

" t::: z - t::: oc 
0 46 --~ -~ !" -
□ 
t: - Bentonite 

'° 
47 - seal -< 

□ -J Rock -< 48 fragments " -z 
I 

" -w 
49 'o 

N -
C, 
0 -;:s 50 -z 
,:: 
z -
N 51 N 
0 -
0 
ro 
'5 -
"' 52 w 
□ -
"' 0 -
"' 53 
~ ~ 

0 ~ 0 
0 54 0 

~ 
~ 
"' ~ 

~ 55 " ~ :, 
~ ~ 

~ 56 s ..__ 
- ..__ 
t; 57 

" ~ 

ci z ~ 

oc 58 w ~ w z 

" ~ 

z 59 w ~ 

l:l ~ 
0 z 60 

" SAMPLE IDENTIFICATION REMARKS: 0 
J 

G - Geoprobe w 
J 

S - Split Spoon 0 
I 

U - Undisturbed Sample w 

"' 0 R - Core Run a, 
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Nobis Engineering, Inc. 

Contractor: Boart Longyear 

Driller: K. Reoan 

Nobis Rep.: C Thunberg 

PROJECT 

Nyanza Superfund Site OU2 

Ashland, Massachusetts 

Nobis File No:. ____ __s8-s0,c02s,2ec·><0,_7 ____ _ 

Rig Type/ Model: ____ 2,B-,L,_,Y_M""-'in,ci·:,Se,oe,ne,ic'-----

HammerType: ------~N~/A~------

Hammer Hoist: N/A 

Boring No:. _____ __,,,Bc,•6,_ ____ _ 

Boring Location: ~Sc,ec,ec,P_,l,,a,.,n _______ _ 

Checked by: -----"J"-. ,eB,.,ru,cn.,,e,,lle~---

Date Start: October 14, 2009 

Date Finish: October 14, 2009 

Ground Surface Elev.: ________ _ 

Top-of-Riser Elev.: _________ _ 

Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag 

Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION ~~ ;s 
§.!!! 

-[ Type Rec Depth Blows/ PID o• ~ c,c< 0 • &No. (in.) (ft) 6 in. J 
D 

RS-1 36 0-5 1 -
1 -

-
2 -

3 

-
4 -

~ 

5 ~ 

RS-2 22 5-10 c____J_ 
6 , .. 

' 
7 ' 

'--
8 '--

~ 

9 
~ 

~ 

10 ~- 'l-
RS-3 18 10-15 ' 1 

11 
' 
'--

12 '--
~ 

13 
~ 

~ 

14 
' 
I 5.9 

15 '--
RS-4 60 15-20 c____J_ 

16 
~ 

~ 

17 
~ 

~ 
P;S: 

18 
' 
' 

19 '--
'---

20 
SAMPLE IDENTIFICATION REMARKS: 
G - Geoprobe 
S - Split Spoon 
U - Undisturbed Sample 
R - Core Run 

Date 

Sl 

STRATUM 

-;g 
~c3 

Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Timi 

10.0 

SAMPLE DESCRIPTION 
{Soil: ASTM D24B8 Visual Manual Procedure 

As Modified by Nobis) 

Organic Soil With Sand, (OL) 12 inches of Topsoil. 

Silty Sand, (SM) moist, Fill 

Silty Sand, (SM) dark brown black, wet, trace gravel observed. 

Silty Sand, (SM) dark brown black, wet 

Poorly Graded Sand, (SP) 10 % sand, dark brown, wet, trace silt observed. 

Poorly Graded Sand, (SP) 1 0 % sand, dark brown, wet 

Silt, (ML) 60 % fines, olive brown, wet, Stratified. Aprubt transition from sand to silt. 
Inferred bottom of fill depth at 17.5 ft. 



PROJECT Boring No:. B-6 - .. --:-- --~ --- -= -~ ~ =--~ Boring Location: See Plan ----- Nyanza Superfund Site OU2 -- ------- ~ -- ~--- -------...-- --- .,,_. ___ 
~ 

Ashland, Massachusetts Checked by: J. Brunelle .. 

Date Start: October 14, 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 14, 2009 

Contractor: Boart Long:tear Rig Type/ Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: N/A Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: N/A Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Tim 

" 10.0 
Size 4 

Advancement Sonic . 
- SAMPLE INFORMATION STRATUM g? ~ §2 SAMPLE DESCRIPTION 

~ ~ 

Type Rec Depth Blows( PID 
~~ ~ ;:g (Soil: ASTM 02488 Visual Manual Procedure ~ 

" ~ • &No. (in.) (ft) 6 in. .'l ,,. As Modified by Nobis) w 0 WO 
~ 

RS-5 0 20-25 1 Liquified silt turned to liquid mud. No recovery. 
~ 

" 21 

"' 
~ 

"' ~ 

" g 22 
f------

" z f------1r 
iil 23 

~ 

~ 
0 

~ ;:: 
0 24 

~ 

~ 
" ~ 

0 25 J <----

" RS-6 24 25-29 c......!_ Poorly Graded Sand With Silt, (SP-SM) 10 % fines, gray, wet No visual or olfactory z 
1r evidence of NAPL noted. 
0 26 
~ C--
0 
t: C--
-< 27 
~ ~ 

J ~ 

Approximately 6 inches of rock core recovered. Bedrock type is granite. ~ 28 " ~ z No visual or olfactory evidence of NAPL noted. 
" " ~ 
w 

29 r 
<----N 

" 0 <----
-< 30 N 

C--z 
~ ,_ 

C--z 
N 31 N <----0 
0 

iii ~ 

oc 32 w ~ 0 oc 
0 ~ 

~ 33 "' ~ -< r 
0 ~ 
0 
0 34 0 <----~ 
~ 

f------
0 35 " ~ M 

m ~ 

~ 36 
~ 

~ 

ti 37 <----

" ci <----z 
1r 38 w <----w z 
6 <----
z 39 w ~ 

"' ffi 
~ 

0 z 40 

" SAMPLE IDENTIFICATION REMARKS: 0 
J 

G - Geoprobe w 
J 

S - Split Spoon 0 

" w U - Undisturbed Sample oc 
0 R -Core Run 
ro 



PROJECT Boring No:. B-7 ~- --- Boring Location: See Plan ==.:..---=--- - .. _ ---~ -------- -·---- Nyanza Superfund Site OU2 -- ------- ~ -- ~- -- ------ -""!""-- -------. ~ 
Ashland, Massachusetts Checked by: J. Brunelle 

Date Start: October 15, 2009 
Nobis Engineering, Inc. Nobis File No:. 80022.07 Date Finish: October 15, 2009 

Contractor: Boart Long:tear Rig Type I Model: BLY Mini-Sonic Ground Surface Elev.: 

Driller: K. Regan Hammer Type: NIA Top-of-Riser Elev.: 

Nobis Rep.: C Thunberg Hammer Hoist: NIA Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag Date lime Depth Below Ground (~ Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Tim1 

" 10.0 
Size 4 

Advancement Sonic 

~ SAMPLE INFORMATION STRATUM 00 
"- -g ~ SAMPLE DESCRIPTION ~ 

~ t PID ,- -, 0 (Soil: ASTM 02488 Visual Manual Procedure ~ Type Rec Depth B!ows/ ~~ rn >" ~ • 0 ... As Modified by Nobis) &No. (ln.) {ft) 6 in. J w 0 WO 
~ 

RS-1 36 0-5 1 Organic Soil With Sand, (OL) Topsoil 
~ 

~ 1 
~ 

" Poorly Graded Sand With Silt, (SP-SM) 00 ~ 

" 0 2 J '--
" Poorly Graded Sand With Gravel, (SP) dark brown black, moist, Distinct odor z '--" 3 50 observed. 
al ~ 

~ 
0 

~ 11 
0 4 0 ~ 

,l 
" ~ 

0 5 J -" RS-2 60 5-10 ~ Poorly Graded Sand With Gravel, (SP) gray, moist z 

" 0 6 ~ ~ 
0 
t: '--
~ 7 
~ ~ 
~ 
0 
J ~ 

Poorly Graded Sand, (SP) 10 % gravel, 10 % sand, dark brown, mciist, Bottom 18 ~ 8 15 " z ~ 
inches. Exhibit sewage odor. 

I 

" ~ 
w 

9 \;; ~ 

J 
0 ~ 

~ 
10 N z '-- "¥-

~ RS-3 60 10-15 .__.12... Poorly Graded Sand. (SP) gray, wet >-z 
N 11 N 

~ 0 
0 

,l ~ 

~ 12 w ~ 0 
~ 
0 ~ 

~ 13 1 Poorly Graded Sand, (SP) 20 % gravel, 70 % sand, dark brown black, wet, trace fine 00 ~ 
~ gravel observed. ~ 
0 ~ 
0 
0 14 0 '--~ 
~ 

'--
0 15 " ~ M 

RS-4 60 15-20 1 Poorly Graded Sand, (SP) 20 % gravel, 70 % sand, dark brown black, wet rn ~ 

~ 16 
~ 

~ 

lo 17 
~ 

" 0 
~ z 

" 18 w '-- 8 w z 

" '--
z 19 Silty Sand, (SM) 60 % fines, olive brown, wet, No signs of stratification observed. No w ~ visible indication of NAPL "' a; 

~ 
0 z 20 

" SAMPLE IDENTIFICATION REMARKS: 'l 
w G - Geoprobe 
6 S - Split Spoon 
I 
w U - Undisturbed Sample 
~ 
0 R - Core Run m 
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Nobis Engineering, Inc. 

Contractor: Boart Longyear 

Driller: K. R!filan 

Nobis Rep.: C Thunberg 

PROJECT 

Nyanza Superfund Site OU2 

Ashland Massachusetts 

Nobis File No:. ____ _,8,,,0,.,0,.2,,.2"'.0"-7 ___ _ 

Rig Type/ Model: ____ .,,Be,Lc,Y_,Me,. "-ine:i-:,S,so,,n,,icc_ __ _ 

Hammer Type: ______ __cN,,i,:::Ac__ _____ _ 

Hammer Hoist: N/A 

Boring No:. _____ __,,B"•7c_ ____ _ 

Boring Location: ~Sc,ec,ec.,P_,l,,a"n _______ _ 

Checked by: ____ J,c·c,Be,ru=n,,el,,le'-----

Date Start: October 15, 2009 

Date Finish: October 15, 2009 

Ground Surface Elev.: ________ _ 

Top-of-Riser Elev.: _________ _ 

Datum: NGVD 

Drilling Method Sampler Groundwater Observations 

Type Mini-Sonic Poly Bag 

Size 4 

Advancement Sonic 

~ SAMPLE.INFORMATION 

"' ~~ 
t Type Rec Depth Blows/ PIO , 1' 

m 
• &No. (in.) (fl) 6 in. ~:'! .'l 0 

RS-5 20 20-25 ~ 
21 '----

'----
22 

~ 

~ 

23 L .... 

' 
24 -

'----
25 

~ 

RS-6 36 25-29.83 -
26 

~ 

~ 

27 , ___ . 

' 
28 

' 

'----
29 '----

'----
30 

~ 

~ 

31 
~-

' 
32 

' 

'----
33 '----

~ 

34 
~ 

~ 

35 , __ .. 

' 
36 '----

'----
37 '----

~ 

38 
~ 

~ 

39 
' 
' 

40 
SAMPLE IDENTIFICATION REMARKS: 
G - Geoprobe 
S - Split Spoon 
U - Undisturbed Sample 
R - Core Run 

Date 

STRATUM 

;~ 
~~ 

Time Depth Below Ground (ft. Depth of Casing (ft.) Depth to Bottom of Hole (ft.) Stabilization Time 

10.0 

SAMPLE DESCRIPTION 
(Soil: ASTM D2488 Visual Manual Procedure 

As Modified by Nobis) 

Silty Sand, (SM) 30 % fines, olive brown, poor recovery. Bag contained mostly water. 

Poorly Graded Sand With Gravel, (SP) 18 inches of sand and gravel. No visual or 
olfactory evidence of NAPL noted. 

Silty Sand With Gravel, (SM) Till. No visual or olfactory evidence of NAPL noted. 

No visual or olfactory evidence of NAPL noted. 



FILL

/ 10.0

CONCRETE

/ 15.0

BEDROCK

0.8

2.8

178

30

13

0.8

0.8

0.8

0.8

0-5

5-10

10-15

15-20

20-25

60

60

S-1

S-2

S-3

C-1

C-2

S-1A (6"): Dark brown, Sandy Organic Soil (OL/OH). Dry.
S-1B (30"): Brown, well-graded Sand (SW). Moist.

S-1C (18"): Olive brown, silty Sand (SM). Dry.

S-1D (12"): Dark brown, Sandy Organic Soil with Gravel (OH), 5% trash debris and
organics. Moist.
S-2 (54"): Blackish gray, Sandy Silt (ML), 5-10% gravel. Moist to wet at the tip.

DNAPL Odor detected.

S-3A (42"): Gray concrete. Wet.  Concrete odor detected.

Sampler grinding at 13'.
S-3B (18"): Concrete/bedrock interface - rock flour and bedrock fragments.  Casing
set to 14'.

R-1: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly weathered at bedrock contact to fresh. Competent
and strong. Wet.  RQD = 90%.

R-2: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated. Fresh. Competent and strong. Wet. RQD = 93%.

Problem with core bit from 21'-23'. Bit replaced.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Behind Building - Assumed

Vault Location

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-8

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 16, 2012

Date Finish: July 18, 2012

D
ep

th
 (f

t.)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

of 2

Non-Soil
very few

few
several

numerous

PID
(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1

Depth of Casing (ft.)

Hammer Type:

6"

Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2

NOTES:

Depth
(ft.)

Rec
(in.) N

O
TE

S

G
ra

ph
ic

G
ro

un
d

W
at

er

Blows/
6 in.

Type
& No.

SAMPLE DESCRIPTION AND REMARKS
(Classification System:  Modified ASTM)
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BEDROCK

0.6

25-30.260C-3 R-3: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated. Fresh. Competent and strong. Wet.  RQD = 97%.

Boring terminated at 30 feet.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Behind Building - Assumed

Vault Location

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-8

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 16, 2012

Date Finish: July 18, 2012

D
ep

th
 (f

t.)

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

of 2

Non-Soil
very few

few
several

numerous

PID
(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 2

Depth of Casing (ft.)

Hammer Type:

6"

Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2

NOTES:

Depth
(ft.)

Rec
(in.) N
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G
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W
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Blows/
6 in.

Type
& No.

SAMPLE DESCRIPTION AND REMARKS
(Classification System:  Modified ASTM)
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FILL

/ 3.0

SAND &
GRAVEL

/ 9.0

GLACIAL TILL

/ 18.0

BEDROCK

0.8

1.3

2

1.7

0.3

1

0.5

1.2

2.1

1.7

1.3

1.2

4.2

2

1.3

0

0

0-5

5-10

10-15

19-24

24-29

58

60

S-1

S-2

S-3

C-1

C-2

S-1A (18"): Light brown-tan, Sandy Organic Soil with Gravel (OH).  Dry.

S-1B (18"): Brown, Well-graded Sand with Silt (SW-SM), 5% brick and trash debris.
Dry.
S-1C (12"): Dark brown, Silty Sand (SM), 5% organics. Moist.

S-1D (12"): Brown-gray, Silty Sand with Gravel (SM). Wet.

S-2A (42"): Brown-gray, Silty Sand with Gravel (SM). Wet.

S-2B (18"): Gray, Well-graded Sand with Silt and Gravel (SW-SM). Wet.

S-3A (48"): Gray, Well-graded Sand with Gravel (SW). Wet.

S-3B (12"): Gray-brown, Well-graded Sand (SW). Wet.

S-4A (24"): Gray-brown, Well-graded Sand (SW. Wet.

S-4B (12"): Gray-olive, Silty Sand (SM), 10-20% bedrock fragments. Wet.

Casing set at 19'.

R-1: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly fractured and strong. Competent. Wet.  RQD =
75%.
Small fracture at 19.5'.

Fracture at 23.5'.
R-2: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly fractured and strong. Competent. Wet.  RQD =

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: NW Corner of Nyacol Property

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-9

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 18, 2012

Date Finish: July 19, 2012
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PID
(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1

Depth of Casing (ft.)

Hammer Type:

6"

Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2
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BEDROCK

/ 34.0

29-3458C-3

92%.
Fracture at 24.8'.

R-3: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly fractured and strong. Competent. Wet. Fracture at
29.4'.  RQD = 93%..

Granite vein intrusion (less biotite than rest of sample) from 30.8'-31.1'.

Boring terminated at 34 feet.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: NW Corner of Nyacol Property

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-9

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 18, 2012

Date Finish: July 19, 2012

D
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th
 (f

t.)

26
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Non-Soil
very few
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PID
(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 2

Depth of Casing (ft.)

Hammer Type:

6"

Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2

NOTES:
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(Classification System:  Modified ASTM)
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GLACIAL TILL

/ 11.0

BEDROCK

0.2

0.3

0.5

0.6

1.6

0.1

0.1

0.1

0.1

0.1

0.1

0

0.2

0

0-10

10-11

11-16

16-21

21-26

50

54

61

S-1

S-2

C-1

C-2

C-3

S1-A (24"): Brown, Well-graded SAND with Silt (SP-SM).

S-1B (36"): Gray, Well-graded SAND with Silt (SP-SM).

S-1C (60"): Gray, Well-graded SAND with Silt and Gravel (SW-SM).

S-2 (12"): Gray, Well-graded SAND with Silt and Gravel (SW-SM), 10-20% Rock
flour and bedrock fragments.
R-1: Pink-gray Granite - quartz and biotite present, igneous, coarse to medium
grained, slightly foliated.  Slightly weathered at bedrock contact to fresh.  Competent
and strong.  Slightly fractured. Wet.  RQD = 60%.

2"-thick fracture/clay seam at 13.8'.

R-2: Pink-gray Granite - quartz and biotite present, igneous, coarse to medium
grained, slightly foliated.  Fresh.  Competent and strong.  Slightly fractured. Wet.
RQD = 83%.

2"-thick fracture/clay seam at 13.8'.

R-3: Pink-gray Granite - quartz and biotite present, igneous, coarse to medium
grained, slightly foliated.  Fresh.  Competent and strong.  Slightly fractured. Wet.
RQD = 93%.

Fractures at 21.9' and 25.9'.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: North Side of Former Cooling

Tower Base

Nobis Rep.: A. Roy

Size ID (in.)

Boring No.: B-10

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 19, 2012

Date Finish: July 20, 2012

D
ep

th
 (f

t.)

1

2

3

4

5

6
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of 2

Non-Soil
very few

few
several

numerous

PID
(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1

Depth of Casing (ft.)

Hammer Type:

6"

Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2

NOTES:
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BEDROCK
/ 26.00.2

Boring terminated at 26 feet.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: North Side of Former Cooling

Tower Base

Nobis Rep.: A. Roy

Size ID (in.)

Boring No.: B-10

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 19, 2012

Date Finish: July 20, 2012

D
ep

th
 (f

t.)

26

27

28

29
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Non-Soil
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PID
(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 2

Depth of Casing (ft.)

Hammer Type:

6"

Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2

NOTES:
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(Classification System:  Modified ASTM)
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FILL

/ 4.0

ORGANIC
DEPOSITS

/ 6.0

SILT

/ 8.0

GLACIAL TILL
/ 9.0

BEDROCK

/ 23.5

0.4

1.2

0.8

1.2

5.8

9.6
26

30

0.7

0.8

3.6

0
0

0.1

0-9

9-14

14-19

19-24

60

60

60

S-1

R-1

R-2

R-3

S-1A (18"): Tan, Well-graded Sand (SW).  Moist.

S-1B (12"): Dark brown, Well-graded Sand with Silt and
Gravel (SW-SM). Moist.
S-1C (18"): Olive-brown, Well-graded Sand with Gravel
(SW). Moist.

S-1D (24"): Dark brownish-black, Sandy Organic Soil
(OH). Moist to wet.

S-1E (24"): Black, Silt (ML), wet, changing to
Well-Graded Sand with Gravel (SW). Wet.  DNAPL
odor detected.

S-1F (12"): Gray, Silty Sand with Gravel (SM), 10%
bedrock fragments. Dry.
R-1: Pink-gray Granite - quartz and biotite present.
Igneous, coarse to medium grained, slightly foliated,
slightly weathered at bedrock contact to fresh.
Competent and strong. Wet.  RQD = 55%.

Fracture at 13.3', fracture zone at 14'.  Moderately to
intensely fractured.

R-2: Pink-gray Granite - quartz and biotite present.
Igneous, coarse to medium grained, slightly foliated,
slightly fractured and strong. Competent. Wet.  RQD =
40%.

Black product washed up through casing with drill
water.

R-3: Pink-gray Granite - quartz and biotite present.
Igneous, coarse to medium grained, slightly foliated,
slightly fractured and strong. Competent. Wet.  RQD =
90%.
Granite vein intrusion (less biotite than rest of sample)
from 19'-21.5'.
Fractures at 17.9', 23.3', 23.6'.

Boring terminated at 23.5 feet.

Completed
with 3'
Standpipe

Grout to
surface

000 Sand
Filter Pack

00 Sand
Filter Pack

Screen

Void Space

Sump
Bentonite
Pellets
Around Sump

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Between B-8 and SB-600

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: MW/B-11

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 23, 2012

Date Finish: July 23, 2012

D
ep

th
 (f

t.)
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4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

of 1

Non-Soil
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numerous

PID
(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1

Depth of Casing (ft.)

Hammer Type:

6"

Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2

NOTES:
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SAMPLE DESCRIPTION AND REMARKS
(Classification System:  Modified ASTM)
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FILL

/ 10.0

GRAVELLY
SILT

9.2

10.4

6.1

12.2

7.6

3.3

27.2

25.1

3.8

22.6

3.7

5.9

6

5

22.9

24.7

77

0-10

10-15

15-20

20-24.5

S-1

S-2

S-3

S-4

S-1A (24"): Light brown, Sandy Organic Soil (OL).

S-1B (18"): Gray brown, Well-graded Sand with Gravel (SW), 5% organics. Moist.

S-1C (36"): Brown, Well-graded Sand (SW). Moist.

S-1D (42"): Dark brown, Well-graded Sand with Silt and Gravel (SW-SM). Moist.

S-2A (48"): Dark brown, Well-graded Gravel with Silt and Sand (GW-GM). Wet.
DNAPL odor detected.

S-2B (12"): Olive, Silt (ML) changing to Sandy Silt with Gravel (ML). Wet.

S-3: Dark brown, Well-graded Sand with Silt and Gravel (SW-SM), wet.  A 4" layer
of silt/organic soil observed at 15.5'. Wet.

S-4A (54"): Olive gray, Well-graded Sand with Silt and Gravel (SW-SM). Wet.  Silt to
Sandy Silt lenses.

S-4B (4"): Sandy Silt with Gravel, bedrock encountered at approximately 25.5'.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: South Side of Old Wastewater

Collection Structure

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-12

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 25, 2012

Date Finish: July 25, 2012
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t.)
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Non-Soil
very few
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several

numerous

PID
(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1

Depth of Casing (ft.)

Hammer Type:

6"

Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2

NOTES:
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SAMPLE DESCRIPTION AND REMARKS
(Classification System:  Modified ASTM)
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/ 25.5

BEDROCK

/ 41.0

31.4

26-31

31-36

36-41

58

56

60

R-1

R-2

R-3

R-1: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly fractured and strong. Competent. Wet.  RQD =
92%.
Small fracture at 27.5'.

R-2: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, moderately fractured and strong. Competent. Wet.  RQD =
85%.

Medium-sized fracture at 32.1'.  Fractures encountered at 31.1', 35.0', and 35.6'.

R-3: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, unfractured and strong. Competent. Wet. Fracture at 29.4'.
RQD = 100%.

Boring terminated at 41 feet.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: South Side of Old Wastewater

Collection Structure

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-12

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 25, 2012

Date Finish: July 25, 2012

D
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Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 2
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Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2
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FILL

/ 9.0

SILT

6.4

4.8

7

6.8

8.8

12.3

5.5

9.1

4.3

2.1

1.3

7.3

4.8

6.4

5.1

3.3

2.2

1.6

9.5

17.9

8.8

13.2

19.4

10.6

12.1

0-5

5-10

10-15

15-20

20-25

50

50

60

60

60

S-1

S-2

S-3

S-4

S-5

S-1A (18"): Dark brown to brown, Silt (ML), 5% organics and gravel. Moist.

S-1B (30"): Gray brown, Well-graded Sand with Gravel (SW), changing to
Well-graded Sand (SW), 5% silt lenses. Moist.

S-1C (12"): Gray, Well-graded Sand with Silt and Gravel (SW-SM). Wet.

S-2A (30"): Dark gray, Well-graded Sand with Gravel (SW). Wet.

S-2B (24"): Dark gray, Well-graded Gravel with Sand (GW). Wet.

S-2C (6"): Olive, Silt (ML). Wet.
S-3: Olive, Silt (ML). Wet.

S-4: Olive, Silt (ML). Wet.

S-5: Olive, Silt (ML). Wet.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Nyacol Field - Northeast Corner

near Flanged Wastewater Pipe

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-13

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 26, 2012

Date Finish: July 27, 2012

D
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(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1

Depth of Casing (ft.)

Hammer Type:
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Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2
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SILT

/ 30.0

GLACIAL TILL

/ 33.0

BEDROCK

/ 48.0

1.2

0.3

0.7

6.3

21.1

116

0.2

0.2

0.3

0.3

25-30

30-33

33-38

38-43

43-48

60

36

51

64

60

S-6

S-7

R-1

R-2

R-3

S-6A (48"): Olive, Silt (ML). Wet.

S-6B (12"): Olive, Sandy Silt (ML). Wet.

S-7A (12"): Olive, Sandy Silt (ML). Wet.

S-7B (12"): Olive, Well-graded Sand with Silt and Gravel (SW-SM). Wet.

S-7C (12"): Gray, Well-graded Sand (SW). Wet.  Bedrock fragments observed at tip.

R-1: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, moderately fractured and strong. Competent. Wet.  RQD =
63%.

Fractures at 35', 35.5', 37'.  High angle fractures observed at 34.2' and 36.3'.

R-2: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly fractured and strong. Competent. Wet.  RQD =
100%.

Both vertical and horizontal fractures; however, fractures appear to be mechanical
with no evidence of water flow, deposition, or weathering.

R-3: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly fractured and strong. Competent. Wet. Fracture at
29.4'.  RQD = 100%.

Boring terminated at 48 feet.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Nyacol Field - Northeast Corner

near Flanged Wastewater Pipe

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-13

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: H. Huntoon

Casing

Drilling Method
Date

Date Start: July 26, 2012

Date Finish: July 27, 2012

D
ep

th
 (f

t.)

26
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28

29

30
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50
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(ppm)

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 2

Depth of Casing (ft.)
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Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2

NOTES:

Depth
(ft.)

Rec
(in.) N

O
TE

S

G
ra

ph
ic

G
ro

un
d

W
at

er

Blows/
6 in.

Type
& No.

SAMPLE DESCRIPTION AND REMARKS
(Classification System:  Modified ASTM)
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FILL

/ 5.0

SAND &
GRAVEL

/ 16.0

SILT

6.6

11.4

8.8

15

26.7

3.8

6.6

5.8

2.7

7

6.3

2.5

7.2

10.5

6.1

6.1

0-5

5-10

10-20

20-250

S-1

S-2

S-3

S-4

S-1A (36"): Dark brown, Silty Sand with Gravel (SM). Dry.

S-1B (24"): Dark brown changing to gray, Well-graded Sand with Silt and Gravel
(SW-SM). Moist.

S-2A (36"): Dark brown, Silty Sand (SM), 5-10% gravel and organics. Wet.

S-2B (24"): Dark brown, Silt (ML), 5% organics. Wet.

S-3A (72"): Black, Well-graded Sand with Gravel (SW). Wet.

S-3B (48"): Olive, Silt (ML). Wet.

S-4: No recovery.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: 15' East of B-15 / Northeast

Corner near Wastewater Pipe

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-14

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: July 30, 2012

Date Finish: July 30, 2012

D
ep

th
 (f

t.)

1

2

3

4

5

6

7

8

9

10

11
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13

14

15

16
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20

21
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25
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Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1

Depth of Casing (ft.)

Hammer Type:
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Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2
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(Classification System:  Modified ASTM)
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SILT

/ 30.0

GLACIAL TILL

/ 33.5

BEDROCK

/ 48.5

5.3

8.8

9.1

5.5

14.1

14

6

22.5

25-30

30-33.5

33.5-38.5

38.5-43.5

43.5-48.5

60

52

60

57

S-5

S-6

R-1

R-2

R-3

S-5A (18"): Olive brown, Silt (ML). Wet.

S-5B (6"): Olive, clay (CL). Wet.
S-5C (36"): Olive, Silt (ML). Wet.

S-6A (12"): Olive, Silt (ML). Wet.  DNAPL odor detected.

S-6B (12"): Olive, Gravelly Clay (CL). Wet.

S-6C (18"): Olive, Well-graded Sand with Silt and Gravel (SW-SM), wet.  Bedrock
fragments observed at tip.

R-1: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly fractured and strong. Competent. Wet.  RQD =
60%.

R-2: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly fractured and strong. Competent. Wet.  RQD =
100%.

Possible non-mechanical fracture at 41.4'.

R-3: Pink-gray Granite - quartz and biotite present. Igneous, coarse to medium
grained, slightly foliated, slightly fractured and strong. Competent. Wet. Fracture at
29.4'.  RQD = 93%.

Possible non-mechanical fracture at 46.5'.

Boring terminated at 48.5 feet.

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: 15' East of B-15 / Northeast

Corner near Wastewater Pipe

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: B-14

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Drilling
Rate

(min/ft)

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

Core Barrel

PushSonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: July 30, 2012

Date Finish: July 30, 2012

D
ep

th
 (f

t.)

26
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30
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Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 2
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Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2
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Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Near Former 305A / Behind

residence on Pleasant Street

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: RMW-305A

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

N/A

Sonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: August 2, 2012

Date Finish: August 3, 2012
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t.)
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Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1
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See historical boring log MW-305A for geologic subsurface
information.

No bedrock encountered.

Grout to
surface.
Monitoring
well
completed
with a
flush-mount
road box.

Coated
bentonite
pellets

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Near Former 305A / Behind

residence on Pleasant Street

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: RMW-305A

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

N/A

Sonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: August 2, 2012

Date Finish: August 3, 2012
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ep

th
 (f

t.)
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Non-Soil
very few
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several

numerous

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 2
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Boring terminated at 54 feet.

#00 Filter
Sandpack
Stainless
Steel
Wellscreen

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Near Former 305A / Behind

residence on Pleasant Street

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: RMW-305A

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

N/A

Sonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: August 2, 2012

Date Finish: August 3, 2012
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ep

th
 (f

t.)
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Non-Soil
very few
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several

numerous

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 3
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Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Near Former 405A / Back

Corner of Mill Lot

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: RMW-405A

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

N/A

Sonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: August 1, 2012

Date Finish: August 2, 2012

D
ep

th
 (f

t.)
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Non-Soil
very few
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several

numerous

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1
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Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Near Former 405A / Back

Corner of Mill Lot

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: RMW-405A

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

N/A

Sonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: August 1, 2012

Date Finish: August 2, 2012

D
ep

th
 (f

t.)

26

27

28

29

30

31

32

33

34

35

36

37
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39

40

41

42

43

44

45

46

47

48

49

50
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Non-Soil
very few

few
several

numerous

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 2

Depth of Casing (ft.)
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6"

Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2

NOTES:

Depth
(ft.)

Rec
(in.) N

O
TE

S

G
ra

ph
ic

G
ro

un
d

W
at

er

Blows/
6 in.

Type
& No.

SAMPLE DESCRIPTION AND REMARKS
(Classification System:  Modified ASTM)
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BEDROCK

/ 75.0

See historical well log MW-405A for geological description of
subsurficial overburden.

Bedrock encountered at 57.5'.

Project notebook includes limited rock data.

Boring terminated at 75 feet.

Grout to
Surface, well
completed
with a
flush-mount
road box

Coated
bentonite
pellets

#00 Filter
Pack Sand

Stainless
Steel Well
Screen

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Near Former 405A / Back

Corner of Mill Lot

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: RMW-405A

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

N/A

Sonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: August 1, 2012

Date Finish: August 2, 2012

D
ep

th
 (f

t.)

51
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very few
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several

numerous

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 3
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Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Near Former 405A / Back

Corner of Mill Lot

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: RMW-405A

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

N/A

Sonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: August 1, 2012

Date Finish: August 2, 2012
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ep
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Non-Soil
very few
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several

numerous

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 4

Depth of Casing (ft.)

Hammer Type:

6"

Nobis Project No.: 80022.07
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Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Near Former 405B / Back

Corner of Mill Lot

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: RMW-405B

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

N/A

Sonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: August 2, 2012

Date Finish: August 2, 2012

D
ep

th
 (f
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Non-Soil
very few

few
several

numerous

Hammer Hoist:

Checked by: J. McCullough

Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1
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Nobis Project No.: 80022.07

Project:     Nyanza Superfund Site OU2
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SAMPLE DESCRIPTION AND REMARKS
(Classification System:  Modified ASTM)
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See historical boring log MW-405B for geological subsurface
information.

No bedrock encountered.

Boring terminated at 46 feet.

Grout to
surface.
Monitoring
well
completed
with a
flush-mount
road box.

Coated
bentonite
pellets

#00 Filter
Sand Pack
Stainless
Steel
Wellscreen

Datum: N/A

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: Geoprobe / 8140LS

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Near Former 405B / Back

Corner of Mill Lot

Nobis Rep.: J. Brunelle

Size ID (in.)

Boring No.: RMW-405B

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type

Groundwater ObservationsSampler

N/A

Sonic

Contractor: Major Drilling Group Int'l, Inc.

Driller: W. Casteel

Casing

Drilling Method
Date

Date Start: August 2, 2012

Date Finish: August 2, 2012
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numerous
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Soil descriptions and gradation percentagesare based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 2
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  / 1.0

  / 15.0

Black, TOPSOIL, with organics (roots and leaves).

Brown, fine to medium SAND, some fine to coarse Gravel, little Silt.

Brown, fine to medium SAND, some fine to coarse Gravel, little Silt.

Brown, fine to medium SAND, some fine to coarse Gravel, little Silt.
wet.

Boring terminated at 15 feet.

Roadbox and
Concrete
Collar

Bentonite
Seal

Riser

10 Slot
Screen

Datum: NGVD 29

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: ATV Track Rig / CME 55 LC

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Eastern side of 47-49 Pleasant

Street property (Along Water Street)

Nobis Rep.: A. Epstein

Size ID (in.)

Boring No.: MW-701S

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

  5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type
15

15

72 Hours

18 Minutes

Groundwater ObservationsSampler

N/A

N/A

N/AAugered

Contractor: Drilex Environmental, Inc.

Driller: J. Jalutkewicz

Hollow Stem Auger

Drilling Method
Date

Date Start: April 6, 2018

Date Finish: April 6, 2018

D
ep

th
 (

ft.
)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

of 1

Non-Soil

very few
few

several
numerous

Hammer Hoist: Automatic

Checked by: J. Brunelle

Soil descriptions are based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1

11:07

11:25

04/09/18

04/09/18

10.2

13.6

Depth of Casing (ft.)

Hammer Type: Automatic Hammer

2

Nobis Project No.: 80113.03

Project:     Nyanza Superfund Site

NOTES:

Depth
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at

er

Type
& No.

SAMPLE DESCRIPTION AND REMARKS
(Classification System:  Modified Burmister)Blows/

6 in.

1) Well Location: 19' South of Nothern edge of fence located at the 47-49 Pleasant Street residence, 37' Southwest of utility pole
found on Eastern side of Water Street.
2) Well developed on 4/9/2018, 11:02-11:25
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  / 0.5

  / 10.0

  / 15.0

Black, TOPSOIL, with organics (roots and leaves).

Brown, fine to medium SAND, some fine to coarse Gravel, little Silt.

Brown, fine to medium SAND, some fine to coarse Gravel, little Silt.

Brown, fine to medium SAND, some fine to coarse Gravel, little Silt.
Wet.

Boring terminated at 15 feet.

Roadbox and
Concrete
Collar

Bentonite
Seal

Riser

10 Slot
Screen

Datum: NGVD 29

Depth to Bottom of Hole (ft.)

BORING LOG

SAMPLE INFORMATION

Advancement

Rig Type / Model: ATV Track Rig / CME 55 LC

LITHOLOGY

Stabilization TimeTime Depth Below Ground (ft.)

Location: Ashland, Massachusetts

Boring Location: Historical Society (2 Myrtle

Street)

Nobis Rep.: A. Epstein

Size ID (in.)

Boring No.: MW-702S

PercentageSoil

Stratum
Elev. / Depth

(ft.)

trace
little

some
and

  5 - 10
10 - 20
20 - 35
35 - 50

Ground Surface Elev.:

Type
15

15

72 Hours

17 Minutes

Groundwater ObservationsSampler

N/A

N/A

N/AAugered

Contractor: Drilex Environmental, Inc.

Driller: J. Jalutkewicz

Hollow Stem Auger

Drilling Method
Date

Date Start: April 6, 2018

Date Finish: April 6, 2018

D
ep

th
 (

ft.
)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

of 1

Non-Soil

very few
few

several
numerous

Hammer Hoist: Automatic

Checked by: J. Brunelle

Soil descriptions are based on visual classifications and should be considered approximate. Stratification lines are approximate boundaries between stratums; transitions may be gradual. Page No. 1

12:04

12:21

04/09/18

04/09/18

9.50

14.03

Depth of Casing (ft.)

Hammer Type: Automatic Hammer

2

Nobis Project No.: 80113.03

Project:     Nyanza Superfund Site

NOTES:

Depth
(ft.)
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(in.) N
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G
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ro
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W
at

er

Type
& No.

SAMPLE DESCRIPTION AND REMARKS
(Classification System:  Modified Burmister)Blows/

6 in.

1) Well Location: 14' East of 3 Water Street property fence, 42' South of Southwestern corner of the Historical Society garage
building (Western building) and about 6' North of Water Street.
2) Well developed on 4/9/2018, 11:57-12:30
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Table D-1
Bedrock Fracture Frequency Summary
Nyanza Chemical Dump Superfund Site

Ashland, Massachusetts

Well

Bottom 
Casing 

Depth (ft 
bgs)

Bottom of 
Borehole 
(ft bgs)

Open 
Borehole 
Length   

(ft)

Less 
Open 

Fractures
Open 

Fractures
Total # 

Fractures

Fracture 
Frequency 
per Vertical 

Foot

Fracture 
Spacing 

(ft)

Total # 
Fractures 
(Weighted 
Ranking)

Weighted 
Fracture 

Frequency 
per Vertical 

Foot
 Fracture 

Intersections
SB-600 20 47 27 15 18 33 1.22 0.82 43.5 1.61 6
SB-601 35 61 26 31 8 39 1.50 0.67 31.5 1.21 1
Total/Avg 53 46 26 72 1.36 0.74 75 1.42 7

Notes:
1. Number of fractures for each fracture category counted from Acoustic Televiewer interpreted fractues (ICF, 2006).
2. In weighted ranking, less open fractures multiplied by 0.5; open fractures multiplied by 2.
3. Fracture intersections observed on the ATV are tallied on column N;  see "sorted by depth" worksheet for detail.
4. Intersections between fractures and rock fabric (foliation) not included.



Table D2

Bedrock Fracture Frequency With Depth

Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts

Depth 

Interval

Top of 

Interval  

(ft)

Bottom of 

Interval 

(ft)

Open 

Bedrock 

Borehole 

Length for 

Interval (ft)

Less Open 

Fractures

Open 

Fractures

Total # 

Fractures

Fracture 

Frequency 

per Vertical 

Foot

Total # 

Fractures 

(Weighted 

Ranking)

Weighted 

Fracture 

Frequency 

per Vertical 

Foot

Fracture 

Intersections

20 - 30 20 30 10 2 13 15 1.50 27 2.70 2

30 - 45 30 45 15 13 5 18 1.20 16.5 1.10 0

Total/Avg 25 15 18 33 1.32 43.5 1.74 2

Depth 

Interval

Top of 

Interval  

(ft)

Bottom of 

Interval 

(ft)

Open 

Bedrock 

Borehole 

Length for 

Interval (ft)

Less Open 

Fractures

Open 

Fractures

Total # 

Fractures

Fracture 

Frequency 

per Vertical 

Foot

Total # 

Fractures 

(Weighted 

Ranking)

Weighted 

Fracture 

Frequency 

per Vertical 

Foot

Fracture 

Intersections

35 - 45 35 45 10 11 4 15 1.50 13.5 1.35 1

45 - 55 45 55 10 16 2 18 1.80 12 1.20 1

55 - 60 55 60 5 4 2 6 1.20 6 1.20 1

Total/Avg 25 31 8 39 1.56 31.5 1.26 3

Notes:

1. Number of fractures for each fracture category counted from Acoustic Televiewer interpreted fractues (ICF, 2006).

2. In weighted ranking, less open fractures multiplied by 0.5; open fractures multiplied by 2.

3. Fracture intersections observed on the ATV are tallied on column M.

4. Intersections between fractures and rock fabric (foliation) not included.

SB-600

BB-5



Table D-3
Mass Calculation Support

Nyanza Chemical Dump Superfund Site
Ashland, Massachusetts

Page 1 of 3

Overburden Mass Calculation:

area (m2) x thickness (ft) x 0.3048 m/ft x 30% = total pore volume (m3)

from TCE plume map - 2017
conversion

assumed porosity

total pore volume (m3) x concentration (mg/L) x 1000 L/m3 x g/1000mg x kg/1000g = total mass (kg)

from above from representative well
conversion

TCE concentration: from 2017 data; duplicates averaged
VOC concentration: sum of detected VOC results from representative well
VOC/SVOC concentration: sum of detected VOC + SVOC results from representative well

example: TCE mass in downgradient hotspot > 1 mg/L TCE

3000 m2 x 25 feet x 0.3048 m/ft x 0.3 x 1.95 mg/L x 1000 L/m3 x g/1000mg x kg/1000g = 13.4 kg

area porosity
thickness

concentration
conversion

conversion

measured at plume midpoint (cross-
section C-C', Nobis, 2016)

~ I t l 
t t 

t i / ~ I 



Table D-3
Mass Calculation Support

Nyanza Chemical Dump Superfund Site
Ashland, Massachusetts

Page 2 of 3

Overburden/Bedrock Interface Mass Calculation:

 20,000 ft3 x 0.0283 m3/ft3 = 566 m3

conversion remaining DNAPL volume = 
566 m3 - 2 m3 - 564 m3

433 gal x 0.00379 m3/gal = 1.6 m3

conversion

DNAPL mass conversion:

concentration (mg/kg) x 1.233 g/mL x 1000 mL/L x g/1000 mg x kg/1000g = total mass (kg)

conversion
DNAPL density from ICF

example: TCE mass in Nyacol/WAC DNAPL area:

564 m3 x 45,000 mg/kg x 1.233 kg/L x 1000 L/m3 x g/1000 mg x kg/1000g = 31,294 kg TCE

DNAPL density from ICF
conversion

Pore volume/ DNAPL 
volume:

DNAPL volume 
removed to date:

from MW-113A 
DNAPL fingerprinting

remaining 
DNAPL 
volume from MW-113A 

DNAPL fingerprinting

Assume that weathered bedrock porosity is equivalent to overburden and use ICF, 2006 assumptions for pore 
volume

t 

t \ t 

t 

t 



Table D-3
Mass Calculation Support

Nyanza Chemical Dump Superfund Site
Ashland, Massachusetts

Page 3 of 3

Bedrock Mass Calculation:

area (m2) x thickness (ft) x 0.3048 m/ft x 1.13% = total pore volume (m3)

from TCE plume map - 2017
conversion

total pore volume (m3) x concentration (mg/L) x 1000 L/m3 x g/1000mg x kg/1000g = total mass (kg)

from above from representative well
conversion

TCE concentration: from 2017 data; duplicates averaged
VOC concentration: sum of detected VOC results from representative well
VOC/SVOC concentration: sum of detected VOC + SVOC results from representative well

example: TCE mass in downgradient plume hotspot

4200 m2 x 40 feet x 0.3048 m/ft x 0.0113 x 2.2 mg/L x 1000 L/m3 x g/1000mg x kg/1000g = 1.27 kg TCE

area porosity
thickness conversion

concentration
conversion

measured at plume midpoint (cross-
sections A-A', C-C', Nobis, 2016) from ICF, 2006 bedrock 

estimate

, r r l 
t t 

t t / t I 



Table D4
2017 VOC Analytical Results Compared to GW-2 (All Results)
Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
Page 1 of 2

MW-104A MW-110 MW-115A MW-115B MW-201 MW-203A MW-304B
11/14/17 11/15/17 11/13/17 11/13/17 11/14/17 11/13/17 11/15/17

Chemical GW-2 Duplicate
1,1,1,2-Tetrachloroethane 10 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,1,1-Trichloroethane 4000 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,1,2,2-Tetrachloroethane 9 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,1,2-Trichloro-1,2,2-trifluoroethane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,1,2-Trichloroethane 900 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,1-Dichloroethane 2000 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,1-Dichloroethene 80 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,1-Dichloropropene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,2,3-Trichlorobenzene -- 50 U 9 100 U 100 U 25 50 U 5 U
1,2,3-Trichloropropane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,2,4-Trichlorobenzene 200 50 U 37 100 U 155 120 50 U 12
1,2,4-Trimethylbenzene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,2-Dibromo-3-chloropropane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,2-Dibromoethane 2 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,2-Dichlorobenzene 8000 1700 49 1400 1550 430 1900 190
1,2-Dichloroethane 5 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,2-Dichloropropane 3 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,3,5-Trimethylbenzene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,3-Dichlorobenzene 6000 50 U 5 U 100 U 100 U 8.2 50 U 5 U
1,3-Dichloropropane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
1,4-Dichlorobenzene 60 180 9 260 285 77 290 37
2,2-Dichloropropane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
2-Butanone 50000 50 U 5 U 100 U 100 U 5 U 50 U 5 U
2-Chlorotoluene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
2-Hexanone -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
4-Chlorotoluene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
4-Isopropyltoluene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
4-Methyl-2-pentanone 50000 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Acetone 50000 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Acrylonitrile -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Benzene 1000 50 U 5 U 100 U 100 U 6.1 130 5 U
Bromobenzene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Bromochloromethane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Bromodichloromethane 6 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Bromoform 700 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Bromomethane 7 50 U 5 U 100 U 100 U 5 U 50 U 5 U

Sample Date
Sample Location

NH-4178-2016 Nobis Engineering, Inc.



Table D4
2017 VOC Analytical Results Compared to GW-2 (All Results)
Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
Page 2 of 2

MW-104A MW-110 MW-115A MW-115B MW-201 MW-203A MW-304B
11/14/17 11/15/17 11/13/17 11/13/17 11/14/17 11/13/17 11/15/17

Chemical GW-2 Duplicate
Sample Date

Sample Location

Carbon disulfide -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Carbon tetrachloride 2 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Chlorobenzene 200 50 U 27 2700 1400 360 7600 99
Chloroethane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Chloroform 50 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Chloromethane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
cis-1,2-Dichloroethene 20 130 43 170 400 160 50 U 130
cis-1,3-Dichloropropene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Dibromochloromethane 20 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Dibromomethane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Dichlorodifluoromethane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Diethyl ether -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Ethylbenzene 20000 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Hexachlorobutadiene 50 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Isopropylbenzene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
m,p-Xylene -- 100 U 10 U 200 U 200 U 10 U 100 U 10 U
Methyl tert-butyl ether 50000 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Methylene chloride 2000 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Naphthalene 700 50 U 5 U 100 U 100 U 5 U 50 U 5 U
n-Butylbenzene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
n-Propylbenzene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
o-Xylene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
sec-Butylbenzene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Styrene 100 50 U 5 U 100 U 100 U 5 U 50 U 5 U
tert-Butylbenzene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Tetrachloroethene 50 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Tetrahydrofuran -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Toluene 50000 50 U 5 U 100 U 100 U 5 U 50 U 5 U
trans-1,2-Dichloroethene 80 50 U 5 U 100 U 100 U 5 U 50 U 5 U
trans-1,3-Dichloropropene -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Trichloroethene 5 340 16 2200 1950 170 170 90
Trichlorofluoromethane -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Vinyl acetate -- 50 U 5 U 100 U 100 U 5 U 50 U 5 U
Vinyl chloride 2 50 U 5 U 100 U 100 U 5 U 1200 5 U
Total 2350 190 6730 5740 1356.3 11290 558

Notes:

3. U = below detection limit.

1. All concentrations listed in micrograms per liter (μg/L).
2. Bold text indicates concentrations that exceed the MCP Method 1 GW-2 standard.

NH-4178-2016 Nobis Engineering, Inc.



Table D5
Fall 2015 Data - VOC and SVOC Analytical Results Compared to GW-2 (All Results)
Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
Page 1 of 3

MW-104A MW-110 MW-113A MW-115A MW-115B MW-201 MW-203A MW-304B MW-402 MW-503B
12/02/15 11/30/15 12/01/15 11/30/15 11/30/15 12/02/15 12/02/15 12/01/15 12/02/15 12/02/15

Chemical Name GW-2 
Standard   Duplicate

1,1,1-Trichloroethane 4,000 5 U 5 U 1.6 50 U 50 U 5 U 5 U 5 U 36 54
1,1,2,2-Tetrachloroethane 9 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
1,1,2-Trichloro-1,2,2-trifluoroethane -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
1,1,2-Trichloroethane 900 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
1,1-Dichloroethane 2,000 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
1,1-Dichloroethene 80 2.7 5 U 5 U 50 U 50 U 5 U 5 U 1.6 17 50 U
1,2,3-Trichlorobenzene -- 2.5 16 3.9 14 31 37 5+ 4 50 U 50 U
1,2,4-Trichlorobenzene 200 11 61 99 92 230 160 35+ 23 50 U 50 U
1,2-Dibromo-3-chloropropane -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
1,2-Dibromoethane 2 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
1,2-Dichlorobenzene 8,000 1400 56 63000 1350 1900 450 1500 210 220 210
1,2-Dichloroethane 5 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
1,2-Dichloropropane 3 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
1,3-Dichlorobenzene 6,000 14 5 U 2300 17 31 12 23+ 5.4 50 U 50 U
1,4-Dichlorobenzene 60 170 11 14000 235 330 98 250 41 25 17
2-Butanone 50,000 10 U 10 U 10 U 100 U 100 U 10 U 4.6 10 U 100 U 100 U
2-Hexanone -- 10 U 10 U 10 U 100 U 100 U 10 U 10 U 10 U 100 U 100 U
4-Methyl-2-pentanone 50,000 10 U 10 U 10 U 100 U 100 U 10 U 10 U 10 U 100 U 100 U
Acetone 50,000 10 U 10 U 10 U 100 U 100 U 10 U 18 U 10 U 100 U 100 U
Benzene 1,000 5 U 5 U 24 14.5 30 9.2 140 2.2 50 U 50 U
Bromochloromethane -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Bromodichloromethane 6 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Bromoform 700 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Bromomethane 7 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Carbon disulfide -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Carbon tetrachloride 2 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Chlorobenzene 200 21 36 29000 2900 1600 380 6200 110 29 27
Chloroethane -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Chloroform 50 5 U 5 U 3.1 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Chloromethane -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
cis-1,2-Dichloroethene 20 210 80 12 200 400 180 3.5 150 490 320
cis-1,3-Dichloropropene -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Cyclohexane -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Dibromochloromethane 20 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Dichlorodifluoromethane -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Ethylbenzene 20,000 5 U 5 U 5 UJ 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Isopropylbenzene -- 5 U 5 U 5 UJ 50 U 50 U 5 U 5 U 5 U 50 U 50 U
m,p-Xylene -- 5 U 5 U 3.1- 50 U 50 U 5 U 4.1 5 U 50 U 50 U
Methyl acetate -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Methyl tert-butyl ether 50,000 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Methylcyclohexane -- 5 U 5 U 2.4 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Methylene chloride 2,000 5 U 5 U 5 U 7.7 50 U 5 U 5 U 5 U 50 U 50 U
o-Xylene -- 5 U 5 U 5 UJ 50 U 50 U 5 U 5.2 5 U 50 U 50 U
Styrene 100 5 U 5 U 5 UJ 50 U 50 U 5 U 5 U 5 U 50 U 50 U

Sample Location
Sample Date & Time

Volatile Organic Compounds (VOCs)

NH-4178-2016 Nobis Engineering, Inc.



Table D5
Fall 2015 Data - VOC and SVOC Analytical Results Compared to GW-2 (All Results)
Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
Page 2 of 3

MW-104A MW-110 MW-113A MW-115A MW-115B MW-201 MW-203A MW-304B MW-402 MW-503B
12/02/15 11/30/15 12/01/15 11/30/15 11/30/15 12/02/15 12/02/15 12/01/15 12/02/15 12/02/15

Chemical Name GW-2 
Standard   Duplicate

Sample Location
Sample Date & Time

Volatile Organic Compounds (VOCs)Tetrachloroethene 50 5 U 5 U 4.1- 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Toluene 50,000 5 U 5 U 15 UJ 50 U 50 U 5 U 41 5 U 50 U 50 U
trans-1,2-Dichloroethene 80 2.7 3.4 5 U 50 U 50 U 1.5 24 5 U 50 U 50 U
trans-1,3-Dichloropropene -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Trichloroethene 5 340 18 18000 2400 2600 240 17 100 7100+ 11000
Trichlorofluoromethane -- 5 U 5 U 5 U 50 U 50 U 5 U 5 U 5 U 50 U 50 U
Vinyl chloride 2 15 5 U 5 U 50 U 50 U 5 U 2000 2.2 50 U 50 U

2188.9 281.4 126446 7230.2 7152 1567.7 10189.4 649.4 817 11628

1,1'-Biphenyl 200 4.8 U 0.83 480 U 0.68 1.7 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
1,2,4,5-Tetrachlorobenzene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 R 4.8 U 4.8 U 5.7 R
1,4-Dioxane 6,000 1.9 U 1.9 U 190 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 UJ 1.9 U 2.3 U
2,2'-Oxybis(1-chloropropane) 100 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
2,3,4,6-Tetrachlorophenol -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 R 4.8 U 0.48 5.7 R
2,4,5-Trichlorophenol 50,000 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 R 4.8 U 0.5 5.7 R
2,4,6-Trichlorophenol 5,000 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 R 4.8 U 4.8 U 5.7 R
2,4-Dichlorophenol 30,000 4.8 U 4.8 U 480 U 0.865 1.8 0.7 4.8 R 4.8 U 4.8 U 5.7 R
2,4-Dimethylphenol 40,000 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 UJ 4.8 U 4.8 U 5.7 R
2,4-Dinitrophenol 50,000 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
2,4-Dinitrotoluene 20,000 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
2,6-Dinitrotoluene -- 4.8 U 4.8 UJ 480 U 4.8 UJ 4.8 UJ 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
2-Chloronaphthalene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
2-Chlorophenol 20,000 4.8 U 4.8 U 480 U 4.8 U 3.1 4.8 U 12 4.8 U 4.8 U 5.7 U
2-Methylnaphthalene 2,000 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
2-Methylphenol -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 UJ 9.5 U 9.5 U 11 R
2-Nitroaniline -- 4.8 U 4.8 UJ 480 U 4.8 UJ 4.8 UJ 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
2-Nitrophenol -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 2.6
3,3'-Dichlorobenzidine -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
3-Nitroaniline -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
4,6-Dinitro-2-methylphenol -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
4-Bromophenyl-phenylether -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
4-Chloro-3-methylphenol -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 R 4.8 U 4.8 U 5.7 R
4-Chloroaniline 30,000 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
4-Chlorophenyl-phenylether -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
4-Methylphenol -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 UJ 9.5 U 9.5 U 11 R
4-Nitroaniline -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
4-Nitrophenol -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
Acenaphthene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Acenaphthylene 10,000 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Acetophenone -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
Anthracene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Atrazine -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U

Semivolatile Organic Compounds (SVOCs)
VOC Total

NH-4178-2016 Nobis Engineering, Inc.



Table D5
Fall 2015 Data - VOC and SVOC Analytical Results Compared to GW-2 (All Results)
Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts
Page 3 of 3

MW-104A MW-110 MW-113A MW-115A MW-115B MW-201 MW-203A MW-304B MW-402 MW-503B
12/02/15 11/30/15 12/01/15 11/30/15 11/30/15 12/02/15 12/02/15 12/01/15 12/02/15 12/02/15

Chemical Name GW-2 
Standard   Duplicate

Sample Location
Sample Date & Time

Volatile Organic Compounds (VOCs)Benzaldehyde -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
Benzo(a)anthracene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Benzo(a)pyrene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Benzo(b)fluoranthene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Benzo(g,h,i)perylene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Benzo(k)fluoranthene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Bis(2-chloroethoxy)methane -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Bis(2-chloroethyl)ether 30 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
Bis(2-ethylhexyl)phthalate -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Butylbenzylphthalate -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Caprolactam -- 9.5 UJ 9.5 U 950 UJ 9.5 U 9.5 U 9.5 UJ 9.5 U 9.5 U 95 580
Carbazole -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
Chrysene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Dibenz(a,h)anthracene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Dibenzofuran -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Diethylphthalate 50,000 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Dimethylphthalate 50,000 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Di-N-Butylphthalate -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Di-N-Octyl Phthalate -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
Fluoranthene -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 9.5 U 11 U
Fluorene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Hexachlorobenzene 1 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Hexachlorobutadiene 50 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 R 4.8 U 4.8 U 5.7 R
Hexachlorocyclopentadiene -- 9.5 U 9.5 U 950 U 9.5 U 9.5 U 9.5 U 9.5 R 9.5 U 9.5 U 11 R
Hexachloroethane 100 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Indeno(1,2,3-cd)pyrene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Isophorone -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Naphthalene 700 4.8 U 4.8 U 480 U 4.25 37 4.8 U 14 4.8 U 0.56 0.55
Nitrobenzene -- 28 4.8 U 54000 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 1600 3800
N-Nitroso-di-n-propylamine (NDPA) -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
N-Nitrosodiphenylamine -- 4.8 U 2 480 U 4.8 U 1.2 0.42 4.8 U 4.8 U 4.8 U 5.7 U
Pentachlorophenol -- 9.5 U 9.5 U 950 U 0.825 2.6 9.5 U 9.5 R 9.5 U 1.2 0.5
Phenanthrene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U
Phenol 50,000 9.5 U 9.5 U 950 U 9.5 U 9.5 U 0.83 9.5 U 3.5 9.5 U 11 U
Pyrene -- 4.8 U 4.8 U 480 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 5.7 U

28 2.83 54000 6.62 47.4 1.95 26 3.5 1697.74 4383.65

Notes:

3. U qualified data not detected above laboratory detection 
limit.

5. R qualified data rejected due to lab 
interference/calibration errors.
6. NA = not analyzed.

4. Shaded values not used for calculation because 2017 
values were available.

1. All concentrations reported in micrograms per liter 
(µg/L).

2. Bold concentrations exceed MADEP GW-2 Standards.

SVOC Total

NH-4178-2016 Nobis Engineering, Inc.



Table D6
Fall 2015 Data - Product Fingerprinting Analytical Results

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 4

Sample Location MW-113A

Sample Date 12/01/15
Chemical Name

1,1,1-Trichloroethane 480 U
1,1,2,2-Tetrachloroethane 480 U
1,1,2-Trichloro-1,2,2-trifluoroethane 480 U
1,1,2-Trichloroethane 480 U
1,1-Dichloroethane 480 U
1,1-Dichloroethene 480 U
1,2,4-Trichlorobenzene 9400
1,2-Dibromo-3-chloropropane 480 U
1,2-Dibromoethane 480 U
1,2-Dichlorobenzene 290000
1,2-Dichloroethane 480 U
1,2-Dichloropropane 480 U
1,3-Dichlorobenzene 12000
1,4-Dichlorobenzene 62000
2-Butanone 480 U
2-Hexanone 480 U
4-Methyl-2-pentanone 480 U
Acetone 480 U
Benzene 480 U
Bromodichloromethane 480 U
Bromoform 480 U
Bromomethane 480 U
Carbon disulfide 480 U
Carbon tetrachloride 480 U
Chlorobenzene 77000
Chloroethane 480 U
Chloroform 480 U
Chloromethane 480 U
cis-1,2-Dichloroethene 480 U
cis-1,3-Dichloropropene 480 U
Cyclohexane 480 U

Volatile Organic Compounds (VOCs) - mg/Kg

NH-4178-2016 Nobis Engineering, Inc.



Table D6
Fall 2015 Data - Product Fingerprinting Analytical Results

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 4

Sample Location MW-113A

Sample Date 12/01/15
Chemical Name

Volatile Organic Compounds (VOCs) - mg/KgDibromochloromethane 480 U
Dichlorodifluoromethane 480 U
Ethylbenzene 480 U
Isopropylbenzene 480 U
Methyl acetate 480 U
Methyl tert-butyl ether 480 U
Methylcyclohexane 480 U
Methylene chloride 480 U
Styrene 480 U
Tetrachloroethene 480 U
Toluene 480 U
trans-1,2-Dichloroethene 480 U
trans-1,3-Dichloropropene 480 U
Trichloroethene 45000
Trichlorofluoromethane 480 U
Vinyl chloride 480 U
Xylene (total) 480 U
Total VOCs 495400

1,1'-Biphenyl 500 U
2,2'-Oxybis(1-chloropropane) 500 U
2,4,5-Trichlorophenol 1000 U
2,4,6-Trichlorophenol 500 U
2,4-Dichlorophenol 500 U
2,4-Dimethylphenol 500 U
2,4-Dinitrophenol 1000 U
2,4-Dinitrotoluene 500 U
2,6-Dinitrotoluene 500 U

Semivolatile Organic Compounds (SVOCs) - mg/Kg

NH-4178-2016 Nobis Engineering, Inc.



Table D6
Fall 2015 Data - Product Fingerprinting Analytical Results

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 4

Sample Location MW-113A

Sample Date 12/01/15
Chemical Name

Volatile Organic Compounds (VOCs) - mg/Kg2-Chloronaphthalene 500 U
2-Chlorophenol 500 U
2-Methylnaphthalene 500 U
2-Methylphenol 500 U
2-Nitroaniline 1000 U
2-Nitrophenol 500 U
3,3'-Dichlorobenzidine 500 U
3-Nitroaniline 1000 U
4,6-Dinitro-2-methylphenol 1000 U
4-Bromophenyl-phenylether 500 U
4-Chloro-3-methylphenol 500 U
4-Chloroaniline 500 U
4-Chlorophenyl-phenylether 500 U
4-Methylphenol 500 U
4-Nitroaniline 1000 U
4-Nitrophenol 1000 U
Acenaphthene 500 U
Acenaphthylene 500 U
Acetophenone 500 U
Anthracene 500 U
Atrazine 500 U
Benzaldehyde 500 U
Benzo(a)anthracene 500 U
Benzo(a)pyrene 500 U
Benzo(b)fluoranthene 500 U
Benzo(g,h,i)perylene 500 U
Benzo(k)fluoranthene 500 U
Bis(2-chloroethoxy)methane 500 U
Bis(2-chloroethyl)ether 500 U
Bis(2-ethylhexyl)phthalate 500 U
Butylbenzylphthalate 500 U
Caprolactam 500 U
Carbazole 500 U
Chrysene 500 U

NH-4178-2016 Nobis Engineering, Inc.



Table D6
Fall 2015 Data - Product Fingerprinting Analytical Results

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 4 of 4

Sample Location MW-113A

Sample Date 12/01/15
Chemical Name

Volatile Organic Compounds (VOCs) - mg/KgDibenz(a,h)anthracene 500 U
Dibenzofuran 500 U
Diethylphthalate 500 U
Dimethylphthalate 500 U
Fluoranthene 500 U
Fluorene 500 U
Hexachlorobenzene 500 U
Hexachlorobutadiene 500 U
Hexachlorocyclopentadiene 500 U
Hexachloroethane 500 U
Indeno(1,2,3-cd)pyrene 500 U
Isophorone 500 U
Naphthalene 500 U
Nitrobenzene 160000
Pentachlorophenol 1000 U
Phenanthrene 500 U
Phenol 500 U
Pyrene 500 U
Total SVOCs 160000

Notes:

4. J qualified data is an estimated value.
5. R qualified data rejected due to lab interference/calibration errors.
6. NA = not analyzed.

1. mg/kg = milligrams per kilogram.
2. Bold concentrations exceed MADEP GW-1 Standards.
3. U qualified data not detected above laboratory detection limit.

NH-4178-2016 Nobis Engineering, Inc.
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Appendix E-1
Alternative GW-1 Cost Estimate Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

$0

$108,000

$108,000

Note:
1. Alternative GW-1: No Further Action

Alternative GW-1
Capital Costs

Present Value O&M Costs

Present Value Costs

NH-4537-2020 Nobis Group



Appendix E-1
Alternative GW-1 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 1

UNIT UNIT COST QUANTITY TOTAL COST SOURCE

-$                     
14.0 Other Costs

14.01 Project Management (5% of direct costs) -$                     OSWER 9355.0-75

14.02 Engineering and  Design (6% of direct costs) -$                     OSWER 9355.0-75

14.03 Construction Management (6% of direct costs) -$                     OSWER 9355.0-75

14.04 Location Adjustment (10%) -$                     MEANS 2017 HC City Cost Indexes

14.05 Health and Safety Monitoring - Level C (20% of direct costs) -$                     

14.06 Contingency (Scope 15%) -$                     OSWER 9355.0-75
-$                     

TOTAL CAPITAL COST FOR GW-1 -$            

Notes:
1 Alternative GW-1: No Further Action
2 All RS Means Env costs are inflated by 20% from 2005 and assume Level C PPE 

DESCRIPTION

Alternative GW-1

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

NH-4537-2020 Nobis Group



Appendix E-1
Alternative GW-1 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 1

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTES

OM.1.01 Inspection (Every 5 years) LS 20,000.00$  1 20,000$          

OM.1.02 Periodic Inspection Report LS 30,000.00$  1 30,000$          

Subtotal 50,000$          

Notes:
1 Alternative GW-1: No Further Action

Alternative GW-1

OM.1.0 Five Year Reviews

DESCRIPTION

NH-4537-2020 Nobis Group



Appendix E-1
Alternative GW-1 Cost Estimate - Present Value Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Year Capital O&M 5-Yr Review1 Total Discount Rate2 Present Value

0 $0 $0 $0 $0 7.0% $0

1 $0 $0 $0 $0 7.0% $0

2 $0 $0 $0 $0 7.0% $0

3 $0 $0 $0 $0 7.0% $0

4 $0 $0 $0 $0 7.0% $0

5 $0 $0 $50,000 $50,000 7.0% $35,649

6 $0 $0 $0 $0 7.0% $0

7 $0 $0 $0 $0 7.0% $0

8 $0 $0 $0 $0 7.0% $0

9 $0 $0 $0 $0 7.0% $0

10 $0 $0 $50,000 $50,000 7.0% $25,417

11 $0 $0 $0 $0 7.0% $0

12 $0 $0 $0 $0 7.0% $0

13 $0 $0 $0 $0 7.0% $0

14 $0 $0 $0 $0 7.0% $0

15 $0 $0 $50,000 $50,000 7.0% $18,122

16 $0 $0 $0 $0 7.0% $0

17 $0 $0 $0 $0 7.0% $0

18 $0 $0 $0 $0 7.0% $0

19 $0 $0 $0 $0 7.0% $0

20 $0 $0 $50,000 $50,000 7.0% $12,921

21 $0 $0 $0 $0 7.0% $0

22 $0 $0 $0 $0 7.0% $0

23 $0 $0 $0 $0 7.0% $0

24 $0 $0 $0 $0 7.0% $0

25 $0 $0 $50,000 $50,000 7.0% $9,212

26 $0 $0 $0 $0 7.0% $0

27 $0 $0 $0 $0 7.0% $0

28 $0 $0 $0 $0 7.0% $0

29 $0 $0 $0 $0 7.0% $0

30 $0 $0 $50,000 $50,000 7.0% $6,568

TOTAL $0 $108,000

PV O&M $108,000

Notes: 

2 Discount rate of 7% per EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.
3 Alternative GW-1: No Further Action
4 O&M = operations and maintenance

Alternative GW-1

1 Five-year reviews are estimated to cost $50,000 and are included in the Present Value O&M subtotal.

NH-4537-2020 Nobis Group
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Appendix E-2
Alternative GW-2 Cost Estimate Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

BASE OPTION WITH ENHANCED DNAPL 
EXTRACTION OPTION

$1,394,000 2,906,000$                             

$1,975,000 3,099,000$                             

$3,369,000 6,005,000$                             

Note:
1. Alternative GW-2: Limited Action: Enhanced DNAPL Extraction

Capital Costs

Present Value O&M Costs

Present Value Costs

Alternative GW-2

NH-4537-2020 Nobis Group



Appendix E-2
Alternative GW-2 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 5

UNIT UNIT COSTQUANTITY TOTAL COST SOURCE

1.0 Pre-Design Investigation
1.1 Mobilization/Demobilization

1.1.1 Equipment mobilization/demobilization LS 20,000.00$    1            20,000.00$             Engineers estimate

1.1.2 Field support LS 6,845.00$      1            6,845.00$               
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/ discontinue 
electrical service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 
hrs for senior project manager site visit. 

1.1.3 Field support monthly cCosts MO 2,932.00$      6            17,592.00$             Trailer rental @ $355/month. Conex rental @ $85/month,  rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

1.1.4 Clear and grub ACRE 7,150.00$      0.5         3,575.00$               Means 2017 HC, G1010 120.0980, 1000
1.1.5 Railroad R.O.W. coordination costs HR 110.00$         100        11,000.00$             Engineers estimate
1.1.6 Access LS 5,000.00$      1            5,000.00$               Securing access agreements as needed with property owners

1.1.7 Decontamination facilities EA 10,455.00$    1            10,455.00$             Means 2017 HC, 32 11 23.23 0100; Means 2017 HC, 31 22 16.10 3100; Vendor 
Quotes

Subtotal 74,467.00$             
1.2 PDI- Surveys

1.2.1 Utility survey contractor - Nyacol/WAC EA 3,000.00$      2            6,000.00$               Engineer's estimate; previous survey bids
1.2.2 Wetland survey contractor LS 2,000.00$      1            2,000.00$               Engineer estimate, historic costs
1.2.3 Nyacol/WAC feature survey ACRE 2,928.00$      8            23,424.00$             Means 2017 HC, 02 21 13.09 0020 & 0100

1.2.4 Field oversight HR 135.00$         48          6,480.00$               2x10-hr days utility survey, 1x10-hr day wetland survey, 1x10-hr day feature, plus travel 
time (2 hours per day)

1.2.5 Oversight travel & MIE Week 641.50$         1            641.50$                  GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 38,545.50$             

1.3
1.3.1 Phase I

1.3.1.1 Drilling mobilization LS 1,900.00$      1            1,900.00$               Quote for previous work 
1.3.1.2 NAPL profiling DAY 3,600.00$      10          36,000.00$             DyeLIF: 60 locations, avg. 30'/location and 200'/day = 10 days
1.3.1.3 VOC/hydraulic profiling DAY 3,600.00$      15          54,000.00$             MiHPT: 100 locations, avg. 30'/location and 200'/day = 15 days
1.3.1.4 Groundwater profiling - rig DAY 3,800.00$      15          57,000.00$             10 samples/location x 15 locations = 150 samples. 10 samples/day = 15 days
1.3.1.5 Groundwater profiling - samples EA 266.00$         180        47,880.00$             150 samples + 20% QA/QC
1.3.1.6 Supplies LS 6,000.00$      1            6,000.00$               bottleware + misc. supplies + shipping costs
1.3.1.7 Field oversight HR 135.00$         250        33,750.00$             10 hrs/day x 25 days = 250 hr
1.3.1.8 Field equipment DAY 150.00$         25          3,750.00$               Per-day equipment rentals
1.3.1.9 Oversight Travel & MIE Week 641.50$         5            3,207.50$               GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

1.3.2 Phase II

1.3.2.1 Rotosonic drilling and well installation LF 115.00$         1,200     138,000.00$           Drilled using a sonic rig, vendor invoiced cost. 30 boreholes x 40 ft. Install 2" DNAPL 
recovery wells.

1.3.2.2 Engineer oversight HR 135.00$         120        16,200.00$             100 ft/day rotosonic drilling 
1.3.2.3 IDW disposal EA 180.00$         57          10,254.16$             Drill cuttings from boreholes (8" OD). Assumes 55 gallon drums.
1.3.2.4 Oversight travel & MIE Week 641.50$         2.4         1,539.60$               GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

Subtotal 409,481.26$           

PDI - DNAPL Investigation (OPTIONAL – W/ ENHANCED DNAPL EXTRACTION OPTION)

DESCRIPTION

Alternative GW-2
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Appendix E-2
Alternative GW-2 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 2 of 5

UNIT UNIT COSTQUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-2

1.4

1.4.1 DNAPL characterization samples ea 290.70$         36          10,465.20$             30 samples x 20% QA/QC; VOC, SVOC, fingerprint analysis. Previous project invoice.

1.4.2 Hydraulic fracturing pilot test LS 21,500.00$    1            21,500.00$             Assume 2 locations (1 overburden with significant silt and 1 bedrock)
1.4.3 Hydraulic fracturing structural evaluation LS 10,000.00$    1            10,000.00$             Assume structural evaluation needed for nearby facilities
1.4.4 IDW tank day 60.00$           60 3,600.00$               21,000-Gal Frac Tank Rental
1.4.5 IDW disposal gal 10.00$           3,000     30,000.00$             $10/gallon vac truck; 100 gallons/well x 30 extraction wells
1.4.6 Pumping equipment/supplies day 500.00$         15 7,500.00$               3 weeks fieldwork; per-day equipment (vehicle, rental, equipment)

1.4.7 Engineer oversight HR 135.00$         350        47,250.00$             Assume 15 days fieldwork over 2 months for 2 staff for recovery testing; 5 days for 1 
staff for hydraulic fracturing testing

1.4.8 Engineer oversight travel Week 641.50$         8            5,132.00$               Car rental, gas, meals and incidentals for 2 staff for 4 weeks each.
Subtotal 135,447.20$           

1.5 PDI - Nyacol/WAC Groundwater Eval

1.5.1 Drill and install overburden wells LF 115.00$         163        18,745.00$             Six overburden wells installed to an average depth 23 ft bgs for shallow OB and 35 ft 
bgs for deep OB. Drilled using a sonic rig, vendor invoiced cost.

1.5.2 Drill and install bedrock wells LF 175.00$         544        95,200.00$             9 Bedrock wells installed to an average depth of 45 ft bgs for shallow bedrock and 60 ft 
bgs for deep bedrock. Drilled using an air rotary drill rig.

1.5.3 Borehole geophysics EA 3,090.00$      5            15,450.00$             Deep bedrock testing only (assume 5 deep bedrock boreholes). Former project invoice. 

1.5.4 Packer testing - contractor DAY 8,275.00$      5            41,375.00$             Assume 3 testing intervals per day, 3 intervals per borehole
1.5.5 Packer testing - equipment/supplies LS 2,500.00$      1            2,500.00$               Assume pumping, monitoring and H&S supplies + sample shipment
1.5.6 VOC groundwater analysis - packer EA 79.00$           18          1,422.00$               Assume 15 samples x 20% QA/QC for VOCs

1.5.6 Sampling equipment rental LS 5,000.00$      1            5,000.00$               
Sample 65 wells. Includes groundwater pumps, controllers, and compressed gas (3), 
water quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks for each event.  From vendor rental quote.  

1.5.7 Disposable equipment costs EA 20.00$           72          1,440.00$               Assume 65 wells plus 10% extra.

1.5.8 Sampling event mobilization/demobilization HR 110.00$         64          7,040.00$               16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each 
event will last 7 days (assuming 2.5 wells per  person per day)

1.5.9 Sampling labor - FOL HR 135.00$         70          9,450.00$               Assume 7 days at 10 hr/day for 1 FOL
1.5.10 Sampling labor - samplers (3) HR 110.00$         210        23,100.00$             Assume 7 days at 10 hr/day for 3 samplers. 
1.5.11 Sampling travel and MIE Week 641.50$         6            3,849.00$               Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
1.5.12 Analytical costs EA 266.00$         65          17,290.00$             Assumes  costs for VOC + SVOC analysis.
1.5.13 Data validation EA 110.00$         72          7,920.00$               Assume 1 hour per sample. 

Subtotal 249,781.00$           

PDI - DNAPL Extraction Pilot Study (OPTIONAL – W/ ENHANCED DNAPL EXTRACTION OPTION)
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Appendix E-2
Alternative GW-2 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 3 of 5

UNIT UNIT COSTQUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-2

2.0 Remedy Mobilization/Demobilization
2.01 Equipment mobilization/demobilization LS 20,000.00$    1            20,000.00$             Engineers estimate

2.02 Field support LS 6,845.00$      1            6,845.00$               
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/discontinue 
electrical service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 
hrs for senior project manager site visit @ $180/hr. 

2.03 Field support monthly costs MO 2,932.00$      2            5,864.00$               Trailer rental @ $355/month. Conex rental @ $85/month, rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

Subtotal 32,709.00$             
3.0 Remedy Site Preparation

3.01 Install fence and signage LF 19.45$           -         -$                       Fence/signage for treatment building area. Means 2017 HC, 32 31 13.25 0100
3.02 Clear and grub ACRE 7,150.00$      0.5         3,575.00$               Means 2017 HC, G1010 120.0980, 1000
3.03 Establish utilities LS 800.00$         -         -$                       Engineers estimate
3.04 Railroad R.O.W. coordination costs HR 110.00$         100        11,000.00$             Engineers estimate
3.05 Access LS 5,000.00$      1            5,000.00$               Securing access agreements as needed with property owners

3.06 Decontamination facilities EA 10,455.00$    1            10,455.00$              Means 2017 HC, 32 11 23.23 0100; Means 2017 HC, 31 22 16.10 3100; Vendor 
Quotes

Subtotal 30,030.00$             
4.0

4.01 Convert PDI wells to DNAPL extraction wells EA 10,000.00$    5.00       50,000.00$             Includes cost for pump, wiring, piping, etc. Assume up to 5 PDI wells will be converted 
to extraction wells.

4.02 Optimize existing DNAPL extraction LS 10,000.00$    1.00       10,000.00$             Includes cleaning and repairing existing well screens and testing existing pumps. 
Assumes 5 days of work plus materials. 

4.03 Drill and install overburden wells LF 115.00$         300        34,500.00$             Overburden wells installed to an average depth 30 ft bgs, 10 wells located in 
Nyacol/WAC area. Drilled using a sonic rig, vendor invoiced cost.

4.04 Drill and install Bedrock wells LF 175.00$         450        78,750.00$             10 Bedrock wells located in Nyacol/WAC  area installed to an average depth of 45 ft 
bgs. Drilled using an air rotary drill rig.

4.05 Hydraulic fracturing LS 215,000.00$  1            215,000.00$           Assume costs for pilot testing x 10 for full-scale DNAPL recovery enhancement

4.06 Drilling oversight - engineer HR 135.00$         57 200.00$                  5 days DNAPL extraction well conversion/optimization, 10 days drilling, 5 days 
hydraulic fracturing oversight x 10-hr day

4.07 Oversight travel & MIE Week 641.50$         1            641.50$                  GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 388,450.00$           

DNAPL extraction (OPTIONAL – W/ ENHANCED DNAPL EXTRACTION OPTION)
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Appendix E-2
Alternative GW-2 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 4 of 5

UNIT UNIT COSTQUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-2

5.0 Downgradient Network Optimization
5.1 Drilling/Geophysics/Packer Testing

5.1.1 Drilling contractor mobilization/demobilization LS 1,000.00$      1 1,000.00$               Previous project invoice

5.1.2 Drill and install overburden wells FT 115.00$         461 53,015.00$             Assume 2 OB wells per location (unless otherwise noted), 1 at water table and 1 at 
bedrock interface. Previous project invoice

5.1.3 Drill and install bedrock wells FT 171.74$         491 84,324.34$             Means 2005 Env 33 23 1131; 6 BR wells x 100' each
5.1.4 Soil sampling labor HR 110.00$         47 5,170.00$               Collect soil samples from overburden well installation

5.1.5 VOC soil analysis EA 200.00$         11 2,200.00$               Collect 1 VOC soil sample from each cluster location, plus QC. Includes analysis and 
bottles. 

5.1.6 IDW Disposal - soil EA 180.00$         11.3 2,033.74$               drill cuttings for 4" boreholes, assume non-hazardous 55 gallon drums
5.1.7 IDW Disposal - water LS 2,000.00$      1 2,000.00$               well development/decontamination water, assume non-hazardous, off-site disposal
5.1.8 well development - equipment Week 304.44$         2.0         608.88$                  Assume 1/2 day per well. Means 2005 Env 33 23 1186
5.1.9 Borehole geophysics EA 3,090.00$      6 18,540.00$             Borehole geophysics in each bedrock borehole. Previous project invoice.

5.1.10 Packer testing - contractor DAY 4,000.00$      6            24,000.00$             Assume 3 testing intervals per day, 3 intervals per borehole
5.1.11 Packer testing - equipment/supplies LS 3,000.00$      1            3,000.00$               Assume pumping, monitoring and H&S supplies + sample shipment
5.1.12 VOC groundwater analysis - packer EA 79.00$           25          1,975.00$               Assume 21 samples x 20% QA/QC for VOCs

5.2 Synoptic Sampling Round

5.2.1 Sampling equipment rental LS 5,000.00$      1            5,000.00$               
Sample 70 wells. Includes groundwater pumps, controllers, and compressed gas (3), 
water quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks per event.  Costs from rental quote.  

5.2.2 Disposable equipment costs EA 20.00$           77          1,540.00$               Assume 70 wells, plus 10% extra.

5.2.3 LTM event mobilization/demobilization HR 110.00$         64          7,040.00$               16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each 
LTM event will last 7 days (assuming 2.5 wells per  person per day)

5.2.4 Sampling labor - FOL HR 135.00$         70          9,450.00$               Assume 7 days at 10 hr/day for 1 FOL
5.2.5 Sampling labor - samplers (3) HR 110.00$         210        23,100.00$             Assume 7 days at 10 hr/day for 3 samplers. 
5.2.6 Sampling travel and MIE Week 641.50$         6            3,849.00$               Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
5.2.7 Analytical costs EA 266.00$         77          20,482.00$             Assumes  costs for VOC/SVOC analysis.
5.2.8 Data validation EA 110.00$         77          8,470.00$               Assume 1 hour per sample. 

5.3 Construction oversight travel & MIE Week 641.50$         8            5,132.00$               Engineers estimate, time to install wells and perform borehole testing. Includes GSA 
per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

5.4 Engineer Oversight HR 135.00$         366        49,366.13$             Mid-level engineer. Assume 100 ft/day for overburden drilling and 80 ft/day for bedrock 
drilling, monitoring well development, and borehole geophysics/packer testing.

Subtotal 331,296.09$           
6.0  Institutional Controls

6.01 Institutional Controls LS 30,000.00$    2            60,000.00$             Engineer Estimate. IC for Nyacol/WAC and Plume areas.

Subtotal 60,000.00$             
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Appendix E-2
Alternative GW-2 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 5 of 5

UNIT UNIT COSTQUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-2

7.0 Site Closeout
7.01 As-Built Survey ACRE 2,928.00$      8            23,424.00$             Includes Nyacol/WAC and plume areas. Means 2017 HC, 02 21 13.09 0020 & 0100

Subtotal 43,424.00$             
860,252.59$           

1,793,631.04$        
8.0 Other Costs
8.1 Other Costs (BASE OPTION)

8.1.1 Project Management (5% of direct costs) 43,012.63$             OSWER 9355.0-75
8.1.2 Engineering and  Design (6% of direct costs) 51,615.16$             OSWER 9355.0-75
8.1.3 Construction Management (6% of direct costs) 51,615.16$             OSWER 9355.0-75
8.1.4 Location Adjustment (10%) 86,025.26$             MEANS 2017 HC City Cost Indexes
8.1.5 Health and Safety Monitoring - Level C (20% of direct costs) 172,050.52$           
8.1.6 Contingency (Scope 15%) 129,037.89$           OSWER 9355.0-75

Subtotal 533,356.60$           
8.2 Other Costs (W/ ENHANCED DNAPL EXTRACTION OPTION)

8.2.1 Project Management (5% of direct costs) 89,681.55$             OSWER 9355.0-75
8.2.2 Engineering and  Design (6% of direct costs) 107,617.86$           OSWER 9355.0-75
8.2.3 Construction Management (6% of direct costs) 107,617.86$           OSWER 9355.0-75
8.2.4 Location Adjustment (10%) 179,363.10$           MEANS 2017 HC City Cost Indexes
8.2.5 Health and Safety Monitoring - Level C (20% of direct costs) 358,726.21$           
8.2.6 Contingency (Scope 15%) 269,044.66$           OSWER 9355.0-75

Subtotal 1,112,051.25$        

1,394,000$   
2,906,000$   

Notes:
1 Alternative GW-2: Limited Action: Enhanced DNAPL Extraction
2 All RS Means Env costs are inflated by 20% from 2005 and assume Level C PPE 

TOTAL CAPITAL COST FOR GW-2  (W/ ENHANCED DNAPL 
EXTRACTION OPTION)

TOTAL CAPITAL COST FOR GW-2 (BASE OPTION)

TOTAL DIRECT COSTS (BASE OPTION)

TOTAL OTHER COSTS

TOTAL DIRECT COSTS (W/ ENHANCED DNAPL EXTRACTION OPTION)
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Appendix E-2
Alternative GW-2 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 2

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTES

OM1.1.01 Existing Extraction Wells (Annual Cost, Years 1-5))
OM.1.1.01 Labor/travel LS 48,873.00$    1 48,873.00$    Current system O&M annual costs (2016-2018 average)

OM.1.1.02 Materials, supplies, equipment LS 3,170.00$      1 3,170.00$      Includes materials, supplies, equipment, signage, PPE, monitoring 
equipment, laboratory costs. Current system O&M annual cost. 

OM.1.1.03 Extracted DNAPL off-site disposal and 
transportation LS 6,600.00$      1 6,600.00$      Current system O&M annual cost. 

OM.1.1.04 Extraction well/pump repairs LS 848.00$         1 848.00$         Current system O&M annual cost. 
OM.1.1.05 System operation - nitrogen tanks and power LS 260.00$         1 260.00$         Current system O&M annual cost. 

Subtotal 59,751$         

OM1.2.01 Newly Installed DNAPL Recovery Wells (Monthly Cost, Years 1-5) (OPTIONAL – W/ ENHANCED DNAPL EXTRACTION OPTION)

OM.1.2.01 Labor - pump-out DNAPL extraction wells HR 135.00$         40 5,400.00$      Assume 1 hr per well per month to inspect, gauge, and extract DNAPL 
using bailer or pump. 

OM.1.2.02 Materials, supplies, equipment EA 132.08$         40 5,283.33$      Includes materials, supplies, equipment, signage, PPE, monitoring 
equipment, laboratory costs for each well per month. 

OM.1.2.03 Extraction well repair LS 500.00$         1 500.00$         Assume $500 per month to repair extraction wells.

OM.1.2.04 Extracted DNAPL off-site disposal and 
transportation EA 275.00$         40 11,000.00$    Monthly disposal and transportation costs for each extraction well. 

OM.1.2.05 Engineer travel Week 641.50$         1               641.50$         Car rental, gas, meals and incidentals for 1 staff for 5 days each month.

Subtotal 22,825$         

Alternative GW-2

OM.1.0 DNAPL Extraction - Existing Wells

DESCRIPTION
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Appendix E-2
Alternative GW-2 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 2

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTES

Alternative GW-2

DESCRIPTION

OM.2.01 Sampling equipment rental LS 5,000.00$      1 5,000$           
Water pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for 2 weeks/event. Costs based on rental quote.  

OM.2.02 Disposable equipment costs EA 20.00$           77 1,540$           Assume 70 wells per each annual LTM event, plus 10% extra.

OM.2.03 LTM event mobilization/demobilization HR 110.00$         64 7,040$           
16 hours per FOL/sampler to prep for event (includes event travel, 2 
hr/day/pp). Assume 7 days per LTM event (assuming 2.5 wells per  person 
per day)

OM.2.04 Sampling labor - FOL HR 135.00$         70 9,450$           Assume 7 days at 10 hr/day for 1 FOL
OM.2.05 Sampling labor - samplers (3) HR 110.00$         210 23,100$         Assume 7 days at 10 hr/day for 3 samplers. 
OM.2.06 Sampling travel and MIE Week 641.50$         6 3,849$           
OM.2.07 Analytical costs EA 350.00$         84 29,400$         Assumes  costs for VOC, SVOC, and general geochemistry. 
OM.2.08 Data validation EA 135.00$         84 11,340$         Assume 1 hour per sample. 
OM.2.09 LTM annual report LS 10,000.00$    1 10,000$         One report per annual LTM event

Subtotal 100,719$       

OM.3.01 Inspection (annual) LS 5,000.00$      1 5,000$           
OM.3.02 Deed Restriction Reporting LS 25,000.00$    1 25,000$         

Subtotal 30,000$         

OM.4.01 Inspection (Every 5 years) LS 20,000.00$    1 20,000$         
OM.4.02 Periodic Inspection Report LS 30,000.00$    1 30,000$         

Subtotal 50,000$         

Notes:
1 Alternative GW-2: Limited Action: Enhanced DNAPL Extraction

OM.4.0 Five Year Reviews

OM.3.0 Deed Restrictions

OM.2.0  Long-Term Monitoring (annual sampling)
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Appendix E-2
Alternative GW-2 Cost Estimate - Present Value Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Year Capital O&M 5-Yr Review1 Total Discount Rate2 Present Value

0 $1,394,000 -$                  $0 $1,394,000 7.0% $1,394,000
1 $0 190,470$          $0 $190,470 7.0% $178,009
2 $0 190,470$          $0 $190,470 7.0% $166,364
3 $0 190,470$          $0 $190,470 7.0% $155,480
4 $0 190,470$          $0 $190,470 7.0% $145,309
5 $0 190,470$          $50,000 $240,470 7.0% $171,452
6 $0 130,719$          $0 $130,719 7.0% $87,104
7 $0 130,719$          $0 $130,719 7.0% $81,405
8 $0 130,719$          $0 $130,719 7.0% $76,080
9 $0 130,719$          $0 $130,719 7.0% $71,102
10 $0 130,719$          $50,000 $180,719 7.0% $91,868
11 $0 130,719$          $0 $130,719 7.0% $62,104
12 $0 130,719$          $0 $130,719 7.0% $58,041
13 $0 130,719$          $0 $130,719 7.0% $54,244
14 $0 130,719$          $0 $130,719 7.0% $50,695
15 $0 130,719$          $50,000 $180,719 7.0% $65,501
16 $0 130,719$          $0 $130,719 7.0% $44,279
17 $0 130,719$          $0 $130,719 7.0% $41,382
18 $0 130,719$          $0 $130,719 7.0% $38,675
19 $0 130,719$          $0 $130,719 7.0% $36,145
20 $0 130,719$          $50,000 $180,719 7.0% $46,701
21 $0 130,719$          $0 $130,719 7.0% $31,570
22 $0 130,719$          $0 $130,719 7.0% $29,505
23 $0 130,719$          $0 $130,719 7.0% $27,575
24 $0 130,719$          $0 $130,719 7.0% $25,771
25 $0 130,719$          $50,000 $180,719 7.0% $33,297
26 $0 130,719$          $0 $130,719 7.0% $22,509
27 $0 130,719$          $0 $130,719 7.0% $21,037
28 $0 130,719$          $0 $130,719 7.0% $19,660
29 $0 130,719$          $0 $130,719 7.0% $18,374
30 $0 130,719$          $50,000 $180,719 7.0% $23,741

TOTAL $1,394,000 $3,369,000

PV O&M $1,975,000

Notes: 

2 Discount rate of 7% per EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.
3 Alternative GW-2: Limited Action: Enhanced DNAPL Extraction
4 O&M = operations and maintenance

Alternative GW-2

ALTERNATIVE GW-2 BASE OPTION

1 Five-year reviews are estimated to cost $50,000 and are included in the Present Value O&M subtotal.
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Appendix E-2
Alternative GW-2 Cost Estimate - Present Value Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Year Capital O&M 5-Yr Review1 Total Discount Rate2 Present Value

0 $2,906,000 -$                  $0 $2,906,000 7.0% $2,906,000
1 $0 464,368$          $0 $464,368 7.0% $433,989
2 $0 464,368$          $0 $464,368 7.0% $405,597
3 $0 464,368$          $0 $464,368 7.0% $379,063
4 $0 464,368$          $0 $464,368 7.0% $354,264
5 $0 464,368$          $50,000 $514,368 7.0% $366,737
6 $0 130,719$          $0 $130,719 7.0% $87,104
7 $0 130,719$          $0 $130,719 7.0% $81,405
8 $0 130,719$          $0 $130,719 7.0% $76,080
9 $0 130,719$          $0 $130,719 7.0% $71,102
10 $0 130,719$          $50,000 $180,719 7.0% $91,868
11 $0 130,719$          $0 $130,719 7.0% $62,104
12 $0 130,719$          $0 $130,719 7.0% $58,041
13 $0 130,719$          $0 $130,719 7.0% $54,244
14 $0 130,719$          $0 $130,719 7.0% $50,695
15 $0 130,719$          $50,000 $180,719 7.0% $65,501
16 $0 130,719$          $0 $130,719 7.0% $44,279
17 $0 130,719$          $0 $130,719 7.0% $41,382
18 $0 130,719$          $0 $130,719 7.0% $38,675
19 $0 130,719$          $0 $130,719 7.0% $36,145
20 $0 130,719$          $50,000 $180,719 7.0% $46,701
21 $0 130,719$          $0 $130,719 7.0% $31,570
22 $0 130,719$          $0 $130,719 7.0% $29,505
23 $0 130,719$          $0 $130,719 7.0% $27,575
24 $0 130,719$          $0 $130,719 7.0% $25,771
25 $0 130,719$          $50,000 $180,719 7.0% $33,297
26 $0 130,719$          $0 $130,719 7.0% $22,509
27 $0 130,719$          $0 $130,719 7.0% $21,037
28 $0 130,719$          $0 $130,719 7.0% $19,660
29 $0 130,719$          $0 $130,719 7.0% $18,374
30 $0 130,719$          $50,000 $180,719 7.0% $23,741

TOTAL $2,906,000 $6,005,000
PV O&M $3,099,000

Notes: 

2 Discount rate of 7% per EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.
3 Alternative GW-2: Limited Action: Enhanced DNAPL Extraction
4 O&M = operations and maintenance

1 Five-year reviews are estimated to cost $50,000 and are included in the Present Value O&M subtotal.

ALTERNATIVE GW-2 WITH ENHANCED DNAPL EXTRACTION OPTION
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Appendix E-3
Alternative GW-4 Cost Estimate Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

$14,986,000

$5,547,000

$20,533,000

Note:
1. Alternative GW-4: Nyacol/WAC In-Situ Treatment

Alternative GW-4
Capital Costs

Present Value O&M Costs

Present Value Costs
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Appendix E-3
Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 10

UNIT UNIT COST QUANTITY TOTAL COST SOURCE

1.0  Pre-Design Investigation
1.1 Mobilization/Demobilization

1.1.1 Equipment mobilization/demobilization LS 20,000.00$      1              20,000.00$               Engineers estimate

1.1.2 Field support LS 6,845.00$        1              6,845.00$                 
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/ discontinue 
electrical service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 
hrs for senior project manager site visit. 

1.1.3 Field support monthly costs MO 2,932.00$        12            35,184.00$               Trailer rental @ $355/month. Conex rental @ $85/month,  rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

1.1.4 Clear and Grub ACRE 7,150.00$        0.5           3,575.00$                 Means 2017 HC, G1010 120.0980, 1000
1.1.5 Railroad R.O.W. coordination costs HR 110.00$           100          11,000.00$               Engineers estimate
1.1.6 Access LS 5,000.00$        1              5,000.00$                 Securing access agreements as needed with property owners

1.1.7 Decontamination facilities EA 10,455.00$      1              10,455.00$                Means 2017 HC, 32 11 23.23 0100; Means 2017 HC, 31 22 16.10 3100; Vendor Quotes

1.2 PDI - Surveys
1.2.1 Utility survey contractor - Nyacol/WAC EA 3,000.00$        2              6,000.00$                 Engineer's estimate; previous survey bids
1.2.2 Wetland survey contractor LS 2,000.00$        1              2,000.00$                 Engineer estimate, historic costs
1.2.3 Nyacol/WAC feature survey ACRE 2,928.00$        8              23,424.00$               Means 2017 HC, 02 21 13.09 0020 & 0100

1.2.4 Field oversight HR 135.00$           48            6,480.00$                 2x10-hr days utility survey, 1x10-hr day wetland survey, 1x10-hr day feature, plus travel 
time (2 hours per day)

1.2.5 Oversight Travel & MIE Week 641.50$           1              641.50$                    GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
1.3 PDI - DNAPL Investigation

1.3.1 Phase I
1.3.1.1 Drilling mobilization LS 1,900.00$        1              1,900.00$                 Vendor quote for similar previous work
1.3.1.2 NAPL profiling DAY 3,600.00$        10            36,000.00$               DyeLIF: 60 locations, avg. 30'/location and 200'/day = 10 days
1.3.1.3 VOC/hydraulic profiling DAY 3,600.00$        15            54,000.00$               MiHPT: 100 locations, avg. 30'/location and 200'/day = 15 days
1.3.1.4 Groundwater profiling - rig DAY 3,800.00$        15            57,000.00$               10 samples/location x 15 locations = 150 samples. 10 samples/day = 15 days
1.3.1.5 Groundwater profiling - samples EA 266.00$           180          47,880.00$               150 samples + 20% QA/QC
1.3.1.6 Supplies LS 6,000.00$        1              6,000.00$                 bottleware + misc. supplies + shipping costs
1.3.1.7 Field oversight HR 135.00$           250          33,750.00$               10 hrs/day x 25 days = 250 hr
1.3.1.8 Field equipment DAY 150.00$           25            3,750.00$                 Per-day equipment rentals
1.3.1.9 Oversight Travel & MIE Week 641.50$           5              3,207.50$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

DESCRIPTION

Alternative GW-4
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Appendix E-3
Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 2 of 10

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-4

1.3.2 Phase II

1.3.2.1 Rotosonic drilling and well installation LF 115.00$           1,200       138,000.00$             Drilled using a sonic rig, vendor invoiced cost. 30 boreholes x 40 ft. Install 2" DNAPL 
recovery wells.

1.3.2.2 Rock coring - surface casing + bedrock drilling LF 125.00$           560          70,000.00$               

1.3.2.3 Matrix diffusion evaluation - core collection and 
evaluation DAY 4,232.00$        7              29,624.00$               

1.3.2.4 Matrix diffusion analysis EA 190.00$           140          26,600.00$               3 boreholes shallow bedrock, 2 cored in downgradient of landfill area, 2 cores in other 
areas TBD. Assume 20 samples per core.

1.3.2.5 Cored bedrock physical properties analysis EA 515.00$           14            7,210.00$                 Assume 2 samples per core.

1.3.2.6 Soil sample analysis EA 400.00$           288          115,200.00$             Analysis for VOC, SVOC, and physical properties (TOC, etc.). Assume 1 soil sample per 
5 ft of soil boring plus 20% QC. 

1.3.2.7 IDW disposal EA 180.00$           57            10,254.16$               Drill cuttings from boreholes (8" OD). Assumes 55 gallon drums.
1.3.2.8 Engineer oversight HR 135.00$           190          25,650.00$               Field oversight for drilling and rock coring; collect soil samples. 
1.3.2.9 Oversight Travel & MIE Week 641.50$           4              2,566.00$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

1.4 PDI - Nyacol/WAC Groundwater Eval

1.4.1 Drill and install overburden wells LF 115.00$           163          18,745.00$               Six overburden wells installed to an average depth 23 ft bgs for shallow OB and 35 ft bgs 
for deep OB. Drilled using a sonic rig, vendor invoiced cost.

1.4.2 Drill and install bedrock wells LF 175.00$           544          95,200.00$               9 Bedrock wells installed to an average depth of 45 ft bgs for shallow bedrock and 60 ft 
bgs for deep bedrock. Drilled using an air rotary drill rig.

1.4.3 Hydraulic conductivity/slug tests DAY 1,000.00$        2              2,000.00$                 Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests 
per day. Means 2005 Env 33 02 0405.

1.4.4 Borehole geophysics EA 3,090.00$        5              15,450.00$               Deep bedrock testing only (assume 5 deep bedrock boreholes). Former project invoice. 

1.4.5 Packer testing - contractor DAY 4,000.00$        5              20,000.00$               Assume 3 testing intervals per day, 3 intervals per borehole
1.4.6 Packer testing - equipment/supplies LS 2,500.00$        1              2,500.00$                 Assume pumping, monitoring and H&S supplies + sample shipment
1.4.7 VOC groundwater analysis - packer EA 79.00$             18            1,422.00$                 Assume 15 samples x 20% QA/QC for VOCs

1.4.8 Sampling equipment rental LS 5,000.00$        1              5,000.00$                 
Sample 65 wells. Includes groundwater pumps, controllers, and compressed gas (3), 
water quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks for each event.  From vendor rental quote.  

1.4.9 Disposable equipment costs EA 20.00$             72            1,440.00$                 Assume 65 wells plus 10% extra.

1.4.10 Sampling event mobilization/demobilization HR 110.00$           64            7,040.00$                 16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each 
event will last a maximum of 7 days (assuming 2.5 wells per  person per day)

1.4.11 Sampling labor - FOL HR 135.00$           70            9,450.00$                 Assume 7 days at 10 hr/day for 1 FOL
1.4.12 Sampling labor - samplers (3) HR 110.00$           210          23,100.00$               Assume 7 days at 10 hr/day for 3 samplers. 
1.4.13 Sampling travel and MIE Week 641.50$           6              3,849.00$                 Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
1.4.14 Analytical costs EA 266.00$           65            17,290.00$               Assumes costs for VOC + SVOC analysis
1.4.15 Data validation EA 110.00$           72            7,920.00$                 Assume 1 hour per sample. 

3 boreholes shallow bedrock (~40 ft bgs), 2 cored in downgradient of landfill area (~100 ft 
bgs), 2 cores in other areas TBD (~60 ft bgs). Assume average 50 feet of cored bedrock 
per borehole at a rate of 50 ft/day.
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Appendix E-3
Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 3 of 10

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-4

1.5 PDI - DNAPL Extraction Pilot Study
1.5.1 DNAPL characterization samples ea 290.70$           36            10,465.20$               30 samples x 20% QA/QC; VOC, SVOC, fingerprint analysis. Previous invoice.
1.5.2 Hydraulic fracturing pilot test LS 21,500.00$      1              21,500.00$               Assume 2 locations (1 overburden with significant silt and 1 bedrock)
1.5.3 Hydraulic fracturing structural evaluation LS 10,000.00$      1              10,000.00$               Assume structural evaluation needed for nearby facilities
1.5.4 ISCO pilot study LS 100,000.00$    1              100,000.00$             Assume 6 months for ISCO pilot study
1.5.5 IDW tank day 60.00$             60 3,600.00$                 21,000-Gal Frac Tank Rental
1.5.6 IDW disposal gal 10.00$             3,000       30,000.00$               $10/gallon vac truck; 100 gallons/well x 30 extraction wells
1.5.7 Pumping equipment/supplies day 500.00$           15 7,500.00$                 3 weeks fieldwork; per-day equipment (vehicle, rental, equipment)
1.5.8 Engineer oversight HR 135.00$           300          40,500.00$               Assume 15 days fieldwork over 2 months for 2 staff
1.5.9 Engineer Oversight Travel Week 641.50$           8              5,132.00$                 Car rental, gas, meals and incidentals for 2 staff for 4 weeks each.

Subtotal 1,258,299.36$          
2.0 Remedy Mobilization/Demobilization

2.01 Equipment Mobilization/Demobilization LS 20,000.00$      1              20,000.00$               See Appendix Costing Assumptions

2.02 Field Support LS 6,845.00$        1              6,845.00$                 
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/ discontinue 
electrical service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 
hrs for senior project manager site visit. 

2.03 Field Support Monthly Costs MO 2,932.00$        28            82,655.69$               Trailer rental @ $355/month. Conex rental @ $85/month,  rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

Subtotal 109,500.69$             
3.0 Remedy Site Preparation

3.01 Install Fence and signage LF 19.45$             400          7,780.00$                 Fence/signage for treatment building. Means 2017 HC, 32 31 13.25 0100
3.02 Clear and grub ACRE 7,150.00$        0.5           3,575.00$                 Means 2017 HC, G1010 120.0980, 1000
3.03 Establish utilities LS 800.00$           1              800.00$                    See Appendix Costing Assumptions

3.04 Coordination costs for work near railroad R.O.W. HR 110.00$           100          11,000.00$               Engineers estimate

3.05 Access LS 5,000.00$        1              5,000.00$                 Securing access agreements as needed with property owners

3.06 Decontamination facilities EA 10,455.00$      1              10,455.00$               Means 2017 HC, 32 11 23.23 0100; Means 2017 HC, 31 22 16.10 3100; Vendor Quotes

Subtotal 38,610.00$               
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Appendix E-3
Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 4 of 10

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-4

4.0 DNAPL extraction

4.01 Convert PDI wells to DNAPL extraction wells EA 10,000.00$      5 50,000.00$               Includes cost for pump, wiring, piping, etc. Assume up to 5 PDI wells will be converted to 
extraction wells.

4.02 Optimize existing DNAPL extraction LS 10,000.00$      1 10,000.00$               Includes cleaning and repairing existing well screens and testing existing pumps. 
Assumes 5 days of work plus materials. 

4.03 Drill and install overburden wells LF 115.00$           300          34,500.00$               Overburden wells installed to an average depth 30 ft bgs, 10 wells located in 
Nyacol/WAC area. Drilled using a sonic rig, vendor invoiced cost.

4.04 Drill and Install Bedrock wells LF 175.00$           450          78,750.00$               10 Bedrock wells located in Nyacol/WAC  area installed to an average depth of 45 ft bgs. 
Drilled using an air rotary drill rig.

4.05 Hydraulic fracturing LS 30,900.00$      1              154,500.00$             Assume costs for pilot testing x 10 for full-scale DNAPL recovery enhancement

4.06 Drilling oversight - engineer HR 135.00$           57 200.00$                    5 days DNAPL extraction well conversion/optimization, 10 days drilling, 5 days hydraulic 
fracturing oversight x 10-hr day

4.07 Oversight Travel & MIE Week 641.50$           2              1,283.00$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 329,233.00$             

5.0
5.01 Contractor Mobilization/Demobilization LS 5,000.00$        1              5,000.00$                 

5.02 Evaluate required distribution/spacing of 
injection wells HR 135.00$           40            5,400.00$                 

5.03 Access LS 5,000.00$        1              5,000.00$                 Securing access agreements as needed and coordinating with railroad ROW. 

5.05 Drill and install overburden injection wells LF 115.00$           2,100       241,500.00$             
Overburden wells installed to an average depth 30 ft bgs (assume 2 depths at each 
location, one to 20' and one to 40'), 35 wells (with 2 depths each) located in Nyacol/WAC 
portion of source area.Vendor invoiced cost for sonic rig.

5.06 Drill and install overburden injection wells - 
directional wells LF 190.00$           720          136,800.00$             

Overburden wells installed to 30 ft bgs (assume 2 depths at each location, one to 20' and 
one to 40'), 12 directional wells (with 2 depths each) located in Nyacol/WAC portion of 
source area. Vendor invoiced cost for sonic rig.

5.07 Drill and install bedrock injection wells LF 175.00$           1,785       312,375.00$             
13 Bedrock wells located in Nyacol/WAC portion of source area installed to 45 ft bgs, 12 
bedrock wells located downgradient of landfill to 100 ft bgs; for a total of 25 new bedrock 
injection wells. Air rotary drilling.

5.08 Drill and install bedrock injection wells - 
directional wells LF 290.00$           540          156,600.00$             12 directional bedrock wells installed to 45 ft bgs  located in Nyacol/WAC portion of 

source area along/under the railroad ROW. Air rotary drilling.

5.09 Drill and install overburden injection wells - 
limited access LF 172.50$           120          20,700.00$               

Overburden wells installed to 30 ft bgs(assume 2 depths at each location, one to 20' and 
one to 40'), 2 wells(with 2 depths each) located in Nyacol/WAC. Drilled using a sonic rig, 
vendor invoiced cost plus 50% for limited access.

5.10 Drill and Install bedrock injection wells - limited 
access LF 262.50$           245          64,312.50$               

1 Bedrock wells located in Nyacol/WAC portion of source area installed to 45 ft bgs, 2 
bedrock wells located downgradient of landfill drilled to 100 ft bgs. 50% price increase for 
limited access. Air rotary drilling

5.11 Borehole geophysics EA 3,090.00$        40 123,600.00$             Borehole geophysics in each bedrock borehole to assess depth specific aquifer hydraulic 
properties. Previous project invoice.

5.12 Packer testing - contractor DAY 4,000.00$        40            160,000.00$             Assume 3 testing intervals per day, 3 intervals per borehole. Vendor invoice.
5.13 Packer testing - equipment/supplies LS 3,000.00$        1              3,000.00$                 Assume pumping, monitoring and H&S supplies + sample shipment
5.14 VOC groundwater analysis - packer EA 79.00$             144          11,376.00$               Assume 3 samples per bedrock borehole x 20% QA/QC for VOCs

Installing injection points - Nyacol/WAC Area
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Appendix E-3
Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 5 of 10

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-4

5.15 Hydraulic conductivity/slug tests DAY 1,000.00$        2              2,000.00$                 Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests 
per day. Means 2005 Env 33 02 0405.

5.16 IDW disposal EA 180.00$           262          47,160.00$               Drill cuttings from wells (8" OD). Includes transport and disposal of non-hazardous soil. 

5.17 Engineer oversight HR 135.00$           751          101,337.75$             Oversight of drilling, packer testing, geophysics, and well installation.
5.183 Engineer oversight travel & MIE Week 641.50$           15            9,630.84$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

Subtotal 1,405,792.09$          
6.0 In-Situ Treatment - Nyacol/WAC Area

6.01 Site facilities and laydown areas LS 15,000.00$      1              15,000.00$               Based on previous project experience. 
6.02 Traffic control HR 75.00$             -          -$                          No traffic control anticipated for this area
6.03 Injection contractor equipment LS 120,000.00$    1              120,000.00$             

First Injection (100%)

6.04 Persulfate/Peroxide - Nyacol/WAC Area lb 2.24$               351,373   787,076.42$             Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.05 Treatment chemicals- Landfill Area/bedrock LS 4,741.60$        1              4,741.60$                 Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.06 Potable water supply delivery EA 300.00$           94.77       28,429.98$               Based on previous project experience. Assumes 7500 gallon tanker deliveries.

6.07 Injection contractor crew and project 
management Day 5,000.00$        122          610,000.00$             Vendor quote. Assumes 122 days to inject. 

6.08 Injection contractor mob/demob LS 20,000.00$      1              20,000.00$               Based on previous project experience. 

6.09 Oversight and construction monitoring HR 135.00$           1270.00 171,450.00$             1 mid level engineer per injection event (total of 122 days, 10 hours per day) and the pre-
injection site setup (assume one 50 hour week per event).

6.10 Oversight travel & MIE Week 641.50$           24            15,652.60$               GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Second Injection (100%)

6.11 Persulfate/Peroxide - Nyacol/WAC Area lb 2.24$               351,373   787,076.42$             Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.12 Treatment chemicals- Landfill Area/bedrock LS 4,741.60$        1              4,741.60$                 Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.13 Potable water supply delivery EA 300.00$           94.77       28,429.98$               Based on previous project experience. Assumes 7500 gallon tanker deliveries.

6.14 Injection contractor crew and project 
management Day 5,000.00$        122          610,000.00$             Vendor quote. Assumes 122 days to inject. 

6.15 Injection contractor mob/demob LS 20,000.00$      1              20,000.00$               Based on previous project experience. 

6.16 Oversight and construction monitoring HR 135.00$           1270.00 171,450.00$             1 mid level engineer per injection event (total of 122 days, 10 hours per day) and the pre-
injection site setup (assume one 50 hour week per event).

6.17 Oversight travel & MIE Week 641.50$           24            15,652.60$               GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Third Injection (50%)

6.18 Persulfate/Peroxide - Nyacol/WAC Area lb 2.24$               175,687   393,538.21$             Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.19 Treatment chemicals- Landfill Area/bedrock LS 2,370.80$        1              2,370.80$                 Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.20 Potable water supply delivery EA 300.00$           47            14,214.99$               Based on previous project experience. Assumes 7500 gallon tanker deliveries.

6.21 Injection contractor crew and project 
management Day 5,000.00$        61            305,000.00$             Vendor quote. Assumes 61 days to inject. 

6.22 Injection contractor mob/demob LS 20,000.00$      1              20,000.00$               Based on previous project experience. 

6.23 Oversight and construction monitoring HR 135.00$           660.00 89,100.00$               1 mid level engineer per injection event (total of 61 days, 10 hours per day) and the pre-
injection site setup (assume one 50 hour week per event).

6.24 Oversight travel & MIE Week 641.50$           12            7,826.30$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
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Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-4

Fourth Injection (50%)

6.25 Persulfate/Peroxide - Nyacol/WAC Area lb 2.24$               175,687   393,538.21$             Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.26 Treatment chemicals- Landfill Area/bedrock LS 2,370.80$        1              2,370.80$                 Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.27 Potable water supply delivery EA 300.00$           47            14,214.99$               Based on previous project experience. Assumes 7500 gallon tanker deliveries.

6.28 Injection contractor crew and project 
management Day 5,000.00$        61            305,000.00$             Vendor quote. Assumes 61 days to inject. 

6.29 Injection contractor mob/demob LS 20,000.00$      1              20,000.00$               Based on previous project experience. 

6.30 Oversight and construction monitoring HR 135.00$           660.00 89,100.00$               1 mid level engineer per injection event (total of 61 days, 10 hours per day) and the pre-
injection site setup (assume one 50 hour week per event).

6.31 Oversight travel & MIE Week 641.50$           12            7,826.30$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 5,073,801.80$          

7  In-Situ Chemical Oxidation Injection Performance Monitoring - Nyacol/WAC Area
Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.01 Performance monitoring  sampling equipment 
rental LS 2,500.00$        4              10,000.00$               

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks for each event.  Costs based on rental quote.  

7.02 Performance monitoring  disposable equipment 
costs EA 20.00$             48.00       960.00$                    Assume 12 locations per monitoring event (4 events total)

7.03 Performance monitoring  event 
mobilization/demobilization - FOL HR 135.00$           16.00       2,160.00$                 Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.04 Performance monitoring  event 
mobilization/demobilization - Samplers (2) HR 110.00$           32.00       3,520.00$                 Assume 4 hour round trip per event for 4 events for two samplers.

7.05 Performance monitoring  sampling labor - FOL HR 135.00$           200.00     27,000.00$               
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 1 week per event; 4 events.

7.06 Performance monitoring  sampling labor - 
samplers (2) HR 110.00$           400.00     44,000.00$               

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

7.07 Performance monitoring  sampling travel and 
MIE Week 1,786.25$        4.00         7,145.00$                 GSA per-diem MIE for three workers in Middlesex County, two rental vehicles and fuel for 

1 week per event.

7.08 Performance monitoring analytical costs EA 150.00$           60.00       9,000.00$                 Assumes analysis for VOCs only. Assumes 1 sample/well, 1 PE sample, 1 blank and 1 
duplicate sample (15 samples per event; 4 events total).

7.09 Performance monitoring data validation HR 110.00$           120.00     13,200.00$               Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.10 Performance monitoring completion report 
preparation LS 10,000.00$      1.00         10,000.00$               

Report to summarize injections, observations, monitoring, analytical results, and evaluate 
remedial goals.  Costs based on scale-up of report preparation costs associated with 
performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

First Injection (Assume monitoring at 100% of locations = 12 wells)

NH-4537-2020 Nobis Group



Appendix E-3
Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 7 of 10

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-4

Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.11 Performance monitoring  sampling equipment 
rental LS 2,500.00$        4              10,000.00$               

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks for each event.  Costs based on vendor rental quote. 

7.12 Performance monitoring  disposable equipment 
costs EA 20.00$             48.00       960.00$                    Assume 12 locations per monitoring event (4 events total)

7.13 Performance monitoring  event 
mobilization/demobilization - FOL HR 135.00$           16.00       2,160.00$                 Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.14 Performance monitoring  event 
mobilization/demobilization - Samplers (2) HR 110.00$           32.00       3,520.00$                 Assume 4 hour round trip per event for 4 events for two samplers.

7.15 Performance monitoring  sampling labor - FOL HR 135.00$           200.00     27,000.00$               
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 1 week per event; 4 events.

7.16 Performance monitoring  sampling labor - 
samplers (2) HR 110.00$           400.00     44,000.00$               

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 4 events).  Time for QC sample collection not specifically included, 
but is likely negligible at this scale.

7.17 Performance monitoring  sampling travel and 
MIE Week 1,786.25$        4.00         7,145.00$                 GSA per-diem MIE for three workers in Middlesex County, two rental vehicles and fuel for 

1 week per event.

7.18 Performance monitoring analytical costs EA 150.00$           60.00       9,000.00$                 Assumes analysis for VOCs only. Assumes 1 sample/well, 1 PE sample, 1 blank and 1 
duplicate sample (15 samples per event; 4 events total).

7.19 Performance monitoring data validation HR 110.00$           120.00     13,200.00$               Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.2 Performance monitoring completion report 
preparation LS 10,000.00$      1.00         10,000.00$               

Report to summarize injections, observations, monitoring, analytical results, and evaluate 
remedial goals.  Costs based on scale-up of report preparation costs associated with 
performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

Assume 1 pre-injection event followed by 3 post-injection/quarterly events

7.21 Performance monitoring  sampling equipment 
rental LS 2,500.00$        4              10,000.00$               

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks for each event.  Costs based upon vendor rental quote.  Assume 1 pre-injection 
event followed by 3 post-injection/quarterly events for each injection.

7.22 Performance monitoring  disposable equipment 
costs EA 20.00$             48.00       960.00$                    Assume 12 locations per monitoring event (4 events total)

7.23 Performance monitoring  event 
mobilization/demobilization - FOL HR 135.00$           16.00       2,160.00$                 Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.24 Performance monitoring  event 
mobilization/demobilization - Samplers (2) HR 110.00$           32.00       3,520.00$                 Assume 4 hour round trip per event for 4 events for two samplers.

7.25 Performance monitoring  sampling labor - FOL HR 135.00$           200.00     27,000.00$               
Assume 10 hours per day to oversee two samplers, manage and track analytical sample 
collection, collect samples as available, and conduct field audits. Assume 1 week per 
event; 4 events.

7.26 Performance monitoring  sampling labor - 
samplers (2) HR 110.00$           400.00     44,000.00$               

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

Second Injection (Assume monitoring at 100% of locations = 12 wells)

Third Injection (Assume monitoring at 100% of locations = 12 wells)
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Appendix E-3
Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 8 of 10

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-4

7.27 Performance monitoring  sampling travel and 
MIE Week 1,786.25$        4.00         7,145.00$                 Includes the GSA per-diem MIE for three workers in Middlesex County, two rental 

vehicles and fuel for 1 week per event.

7.28 Performance monitoring analytical costs EA 150.00$           60.00       9,000.00$                 Assumes analysis for VOCs only. Assumes 1 sample/well, 1 PE sample, 1 blank and 1 
duplicate sample (15 samples per event; 4 events total).

7.29 Performance monitoring data validation HR 110.00$           120.00     13,200.00$               Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

Performance monitoring completion report 
preparation LS 10,000.00$      1.00         10,000.00$               

Report to summarize injections, observations, monitoring, analytical results, and evaluate 
remedial goals.  Costs based on scale-up of report preparation costs associated with 
performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

7.30 Assume 1 pre-injection event followed by 3 post-injection/quarterly events

7.31 Performance monitoring  sampling equipment 
rental LS 2,500.00$        4              10,000.00$               

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks per event.  Costs based on vendor rental quote. 

7.32 Performance monitoring  disposable equipment 
costs EA 20.00$             36.00       720.00$                    Assume 9 locations per monitoring event (4 events total)

7.33 Performance monitoring  event 
mobilization/demobilization - FOL HR 135.00$           16.00       2,160.00$                 Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.34 Performance monitoring  event 
mobilization/demobilization - Samplers (2) HR 110.00$           32.00       3,520.00$                 Assume 4 hour round trip per event for 4 events for two samplers.

7.35 Performance monitoring  sampling labor - FOL HR 135.00$           160.00     21,600.00$               
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 4 days per event; 4 events.

7.36 Performance monitoring  sampling labor - 
samplers (2) HR 110.00$           320.00     35,200.00$               

Assume samples collected from 12 wells at 10 hours per day over 4 days (maximum), 
per event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

7.37 Performance monitoring  sampling travel and 
MIE Week 1,786.25$        4.00         7,145.00$                 Includes the GSA per-diem MIE for three workers in Middlesex County, two rental 

vehicles and fuel for 1 week per event.

7.38 Performance monitoring analytical costs EA 150.00$           48.00       7,200.00$                 Assumes analysis for VOCs only. Assumes 1 sample/well, 1 PE sample, 1 blank and 1 
duplicate sample (12 samples per event; 4 events total).

7.39 Performance monitoring data validation HR 110.00$           100.00     11,000.00$               Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.40 Performance monitoring completion report 
preparation LS 10,000.00$      1.00         10,000.00$               

Report to summarize injections, observations, monitoring, analytical results, and evaluate 
remedial goals.  Costs based on scale-up of report preparation costs associated with 
performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

Subtotal 489,500.00$             

Fourth Injection (Assume monitoring at 75% of locations = 9 wells)
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Appendix E-3
Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 9 of 10

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-4

8.0 Monitoring Well Network Optimization
8.1 Drilling/Geophysics/Packer Testing

8.1.1 Drilling contractor mobilization/ demobilization LS 1,000.00$        1 1,000.00$                 Previous project invoice

8.1.2 Drill and install overburden wells FT 115.00$           374 43,010.00$               Assume 2 OB wells per location (unless otherwise noted), 1 at water table and 1 at 
bedrock interface. Previous project invoice

8.1.3 Drill and install bedrock wells FT 171.74$           692 118,844.08$             Means 2005 Env 33 23 1131
8.1.4 Soil sampling labor HR 110.00$           38 4,180.00$                 Collect soil samples from overburden well installation

8.1.5 VOC soil analysis EA 200.00$           11 2,200.00$                 Collect 1 VOC soil sample from each cluster location, plus QC. Includes analysis and 
bottles. 

8.1.6 IDW Disposal - soil EA 180.00$           12.7 2,277.28$                 drill cuttings for 4" wells, assume non-hazardous 55 gallon drums

8.1.7 IDW Disposal - water LS 2,000.00$        1 2,000.00$                 well development/decontamination water, assume non-hazardous, off-site disposal

8.1.8 well development - equipment Week 304.44$           3              913.32$                    Assume 1/2 day per well. Means 2005 Env 33 23 1186

8.1.9 Borehole geophysics EA 3,090.00$        11 33,990.00$               Borehole geophysics in each bedrock borehole to assess depth specific aquifer hydraulic 
properties. Previous project invoice.

8.1.10 Packer testing - contractor DAY 4,000.00$        11            44,000.00$               Assume 3 testing intervals per day, 3 intervals per borehole. Vendor invoice.
8.1.11 Packer testing - equipment/supplies LS 3,000.00$        1              3,000.00$                 Assume pumping, monitoring and H&S supplies + sample shipment
8.1.12 VOC groundwater analysis - packer EA 79.00$             25            1,975.00$                 Assume 21 samples x 20% QA/QC for VOCs

8.2 Synoptic Sampling Round

8.2.1 Sampling equipment rental LS 5,000.00$        1              5,000.00$                 
Sample 70 groundwater wells. Includes groundwater pumps, controllers, and compressed 
gas (3), water quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks for each event.  Costs based on vendor rental quote.  

8.2.2 Disposable equipment costs EA 20.00$             77            1,540.00$                 Assume 70 wells, plus 10% extra.

8.2.3 LTM event mobilization/demobilization HR 110.00$           64            7,040.00$                 16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each 
LTM event will last 7 days (assuming 2.5 wells per  person per day)

8.2.4 Sampling labor - FOL HR 135.00$           70            9,450.00$                 Assume 7 days at 10 hr/day for 1 FOL
8.2.5 Sampling labor - samplers (3) HR 110.00$           210          23,100.00$               Assume 7 days at 10 hr/day for 3 samplers. 
8.2.6 Sampling travel and MIE Week 641.50$           6              3,849.00$                 Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
8.2.7 Analytical costs EA 180.00$           77            13,860.00$               Assumes  costs for VOC analysis only.
8.2.8 Data validation EA 110.00$           77            8,470.00$                 Assume 1 hour per sample. 

8.2.9 Construction oversight travel & MIE Week 641.50$           11            7,056.50$                 Engineers estimate, time to install wells and perform borehole testing. Includes  GSA per-
diem MIE for 1 engineer in Middlesex County, rental vehicle and fuel.

8.2.10 Engineer oversight HR 135.00$           522          70,510.50$               Mid-level engineer. Assume 100 ft/day for overburden drilling and 80 ft/day for bedrock 
drilling, monitoring well development, and borehole geophysics/packer testing.

Subtotal 407,265.68$             
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Appendix E-3
Alternative GW-4 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 10 of 10

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-4

9.0  Institutional Controls
9.01 Institutional Controls LS 30,000.00$      2              60,000.00$               Engineer Estimate. IC for Nyacol/WAC and Plume areas.

Subtotal 60,000.00$               
10.0 Site Closeout

10.01 Site cleanup LS 20,000.00$      1              20,000.00$               Engineer Estimate

10.02 As-built survey ACRE 2,928.00$        20            58,560.00$               Includes Nyacol/WAC and limited plume areas. Means 2017 HC, 02 21 13.09 0020 & 
0100

Subtotal 78,560.00$               
9,250,562.61$          

11.0 Other Costs
11.01 Project Management (5% of direct costs) 462,528.13$             OSWER 9355.0-75
11.02 Engineering and  Design (6% of direct costs) 555,033.76$             OSWER 9355.0-75
11.03 Construction Management (6% of direct costs) 555,033.76$             OSWER 9355.0-75
11.04 Location Adjustment (10%) 925,056.26$             MEANS 2017 HC City Cost Indexes
11.05 Health and Safety Monitoring - Level C (20% of direct costs) 1,850,112.52$          
11.06 Contingency (Scope 15%) 1,387,584.39$          OSWER 9355.0-75

5,735,348.82$          
TOTAL CAPITAL COST FOR GW-4 14,986,000$   

Notes:
1 Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment
2 All RS Means Env costs are inflated by 20% from 2005 and assume Level C PPE 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS
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Appendix E-3
Alternative GW-4 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 2

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTES

OM1.1.01 Existing Extraction Wells (Annual Cost, Years 1-5)
OM.1.1.01 Labor/Travel LS 48,873.00$  1 48,873.00$    Current system O&M annual costs (2016-2018 average)

OM.1.1.02 Materials, supplies, equipment LS 3,170.00$    1 3,170.00$      Includes materials, supplies, equipment, signage, PPE, monitoring equipment, laboratory 
costs. Current system O&M annual cost. 

OM.1.1.03 Extracted DNAPL off-site disposal and 
transportation LS 6,600.00$    1 6,600.00$      Current system O&M annual cost. 

OM.1.1.04 Extraction well/pump repairs LS 848.00$      1 848.00$         Current system O&M annual cost. 
OM.1.1.05 System operation - nitrogen tanks and power LS 260.00$      1 260.00$         Current system O&M annual cost. 

Subtotal 59,751$         

OM1.2.01 Newly Installed DNAPL Recovery Wells (Monthly Cost, Years 1-5)

OM.1.2.01 Labor - pump-out DNAPL extraction wells HR 135.00$      40 5,400.00$      Assume 1 hr per well per month to inspect, gauge, and extract DNAPL with bailer or pump. 

OM.1.2.02 Materials, supplies, equipment EA 132.08$      40 5,283.33$      Includes materials, supplies, equipment, signage, PPE, monitoring equipment, laboratory 
costs for each well per month. 

OM.1.2.03 Extraction well repair LS 500.00$      1 500.00$         Assume $500 per month to repair extraction wells.

OM.1.2.04 Extracted DNAPL off-site disposal and 
transportation EA 275.00$      40 11,000.00$    Monthly disposal and transportation costs for each extraction well. 

OM.1.2.05 Engineer travel Week 641.50$      1                 641.50$         Car rental, gas, meals and incidentals for 1 staff for 5 days each month.
Subtotal 22,825$         

OM.2.01 Sampling PM oversight HR 180.00$      10 1,800$           
OM.2.02 Groundwater sampling labor - FOL HR 135.00$      48 6,480$           Assumes 4, 10-hr days for FOL for 1 person, plus travel time (8 hrs)
OM.2.03 Groundwater sampling labor - Sampler HR 110.00$      96 10,560$         Assumes 4, 10-hr days for sampling for 2 people, plus travel time (8 hrs/pp)
OM.2.04 Construction oversight travel & MIE Week 641.50$      2 1,283$           
OM.2.05 Synoptic water level round HR 110.00$      12 1,320$           Assumes 1, 10-hr day for 1 person, plus travel time (2 hrs)
OM.2.06 Field/sampling equipment Day 570.00$      8 4,560$           Equipment per person per field day
OM.2.07 Analysis: VOCs, SVOCs, anions, dissolved gases EA 473.50$      27 12,785$         22 wells plus QC. Vendor quote including glassware ($25)
OM.2.08 Data validation HR 110.00$      27 2,970$           Assume 1 hr per sample
OM.2.09 MNA reporting HR 135.00$      60 8,100$           

Subtotal 49,858$         

DESCRIPTION

Alternative GW-4

OM.2.0  MNA - Plume Area (quarterly sampling)

OM.1.0 DNAPL Extraction

NH-4537-2020 Nobis Group



Appendix E-3
Alternative GW-4 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 2

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTESDESCRIPTION

Alternative GW-4

OM.3.01 Sampling equipment rental LS 5,000.00$    1 5,000$           
Water pumps, controllers, and compressed gas (3), water quality monitoring instruments 
(3), water level indicators (3), air-monitoring instrument (1) for 2 weeks/event. Costs based 
on rental quote.  

OM.3.02 Disposable equipment costs EA 20.00$        77 1,540$           Assume 70 wells per each annual LTM event, plus 10% extra.

OM.3.03 LTM event mobilization/demobilization HR 110.00$      64 7,040$           16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Assume 7 
days per LTM event (assuming 2.5 wells per  person per day)

OM.3.04 Sampling labor - FOL HR 135.00$      70 9,450$           Assume 7 days at 10 hr/day for 1 FOL
OM.3.05 Sampling labor - samplers (3) HR 110.00$      210 23,100$         Assume 7 days at 10 hr/day for 3 samplers. 
OM.3.06 Sampling travel and MIE Week 641.50$      6 3,849$           
OM.3.07 Analytical costs EA 350.00$      84 29,400$         Assumes  costs for VOC, SVOC, and general geochemistry. 
OM.3.08 Data validation EA 110.00$      84 9,240$           Assume 1 hour per sample. 
OM.3.09 LTM annual report LS 10,000.00$  1 10,000$         One report per annual LTM event

Subtotal 98,619$         

OM.4.01 Inspection (annual) LS 5,000.00$    1 5,000$           
OM.4.02 Deed restriction reporting LS 25,000.00$  1 25,000$         

Subtotal 30,000$         

OM.5.01 Inspection (Every 5 years) LS 20,000.00$  1 20,000$         
OM.5.02 Periodic Inspection Report LS 30,000.00$  1 30,000$         

Subtotal 50,000$         

Notes:
1 Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment

OM.5.0 Five Year Reviews

OM.4.0 Deed Restrictions

OM.3.0  Long-Term Monitoring (annual sampling)
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Appendix E-3
Alternative GW-4 Cost Estimate - Present Value Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Year Capital O&M 5-Yr Review1 Total Discount Rate2 Present Value

0 $14,986,000 -$                  $0 $14,986,000 7.0% $14,986,000

1 $0 661,698$          $0 $661,698 7.0% $618,409

2 $0 661,698$          $0 $661,698 7.0% $577,953

3 $0 661,698$          $0 $661,698 7.0% $540,143

4 $0 661,698$          $0 $661,698 7.0% $504,806

5 $0 661,698$          $50,000 $711,698 7.0% $507,431

6 $0 328,049$          $0 $328,049 7.0% $218,593

7 $0 328,049$          $0 $328,049 7.0% $204,292

8 $0 328,049$          $0 $328,049 7.0% $190,928

9 $0 328,049$          $0 $328,049 7.0% $178,437

10 $0 328,049$          $50,000 $378,049 7.0% $192,181

11 $0 328,049$          $0 $328,049 7.0% $155,854

12 $0 328,049$          $0 $328,049 7.0% $145,658

13 $0 328,049$          $0 $328,049 7.0% $136,129

14 $0 328,049$          $0 $328,049 7.0% $127,223

15 $0 328,049$          $50,000 $378,049 7.0% $137,022

16 $0 328,049$          $0 $328,049 7.0% $111,122

17 $0 328,049$          $0 $328,049 7.0% $103,852

18 $0 328,049$          $0 $328,049 7.0% $97,058

19 $0 328,049$          $0 $328,049 7.0% $90,708

20 $0 328,049$          $50,000 $378,049 7.0% $97,695

21 $0 328,049$          $0 $328,049 7.0% $79,228

22 $0 328,049$          $0 $328,049 7.0% $74,045

23 $0 328,049$          $0 $328,049 7.0% $69,201

24 $0 328,049$          $0 $328,049 7.0% $64,674

25 $0 328,049$          $50,000 $378,049 7.0% $69,655

26 $0 328,049$          $0 $328,049 7.0% $56,489

27 $0 328,049$          $0 $328,049 7.0% $52,793

28 $0 328,049$          $0 $328,049 7.0% $49,339

29 $0 328,049$          $0 $328,049 7.0% $46,111

30 $0 328,049$          $50,000 $378,049 7.0% $49,663

TOTAL $14,986,000 $20,533,000

PV O&M $5,547,000

Notes: 

2 Discount rate of 7% per EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.
3 Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment
4 O&M = operations and maintenance

Alternative GW-4

1 Five-year reviews are estimated to cost $50,000 and are included in the Present Value O&M subtotal.
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Appendix E-4
Alternative GW-5 Cost Estimate Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

$18,710,000

$16,609,000

$35,319,000

Note:
1. Alternative GW-5: Nyacol/WAC AOC DNAPL Extraction, In-Situ Treatment and Limited Pump and Treat

Alternative GW-5
Capital Costs

Present Value O&M Costs

Present Value Costs
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Appendix E-4
Alternative GW-5 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 13

UNIT UNIT COST QUANTITY TOTAL COST SOURCE

1.0  Pre-Design Investigation
1.1 Mobilization/Demobilization

1.1.1 Equipment mobilization/demobilization LS 20,000.00$         1                  20,000.00$               Engineers estimate

1.1.2 Field support LS 6,845.00$           1                  6,845.00$                 
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/ discontinue 
electrical service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 hrs 
for senior project manager site visit. 

1.1.3 Field support monthly costs MO 2,932.00$           12                35,184.00$               Trailer rental @ $355/month. Conex rental @ $85/month,  rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

1.1.4 Clear and grub ACRE 7,150.00$           0.5               3,575.00$                 Means 2017 HC, G1010 120.0980, 1000
1.1.5 Railroad R.O.W. coordination costs HR 110.00$              100              11,000.00$               Engineers estimate
1.1.6 Access LS 5,000.00$           1                  5,000.00$                 Securing access agreements as needed with property owners

1.1.7 Decontamination facilities EA 10,455.00$         1                  10,455.00$                Means 2017 HC, 32 11 23.23 0100; Means 2017 HC, 31 22 16.10 3100; Vendor Quotes

1.2 PDI- Surveys
1.2.1 Utility survey contractor - Nyacol/WAC EA 3,000.00$           2                  6,000.00$                 Engineer's estimate; previous survey bids
1.2.2 Wetland survey contractor LS 2,000.00$           1                  2,000.00$                 Engineer estimate, historic costs
1.2.3 Nyacol/WAC feature survey ACRE 2,928.00$           8                  23,424.00$               Means 2017 HC, 02 21 13.09 0020 & 0100

1.2.4 Field oversight HR 135.00$              48                6,480.00$                 2x10-hr days utility survey, 1x10-hr day wetland survey, 1x10-hr day feature, plus travel 
time (2 hours per day)

1.2.5 Oversight travel & MIE Week 641.50$              1                  641.50$                    GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
1.3 PDI - DNAPL Investigation

1.3.1 Phase I
1.3.1.1 Drilling mobilization LS 1,900.00$           1                  1,900.00$                 Vendor quote for similar previous work
1.3.1.2 NAPL profiling DAY 3,600.00$           10                36,000.00$               DyeLIF: 60 locations, avg. 30'/location and 200'/day = 10 days
1.3.1.3 VOC/hydraulic profiling DAY 3,600.00$           15                54,000.00$               MiHPT: 100 locations, avg. 30'/location and 200'/day = 15 days
1.3.1.4 Groundwater profiling - rig DAY 3,800.00$           15                57,000.00$               10 samples/location x 15 locations = 150 samples. 10 samples/day = 15 days
1.3.1.5 Groundwater profiling - samples EA 266.00$              180              47,880.00$               150 samples + 20% QA/QC
1.3.1.6 Supplies LS 6,000.00$           1                  6,000.00$                 bottleware + misc. supplies + shipping costs
1.3.1.7 Field oversight HR 135.00$              250              33,750.00$               10 hrs/day x 25 days = 250 hr
1.3.1.8 Field equipment DAY 150.00$              25                3,750.00$                 Per-day equipment rentals
1.3.1.9 Oversight Travel & MIE Week 641.50$              5                  3,207.50$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

1.3.2 Phase II

1.3.2.1 Rotosonic drilling and well installation LF 115.00$              1,200           138,000.00$             Drilled using a sonic rig, vendor invoiced cost. 30 boreholes x 40 ft. Install 2" DNAPL 
recovery wells.

1.3.2.2 Rock coring - surface casing + bedrock drilling LF 125.00$              560              70,000.00$               

1.3.2.3 Matrix diffusion evaluation - core collection and 
evaluation DAY 4,232.00$           7                  29,624.00$               

1.3.2.4 Matrix diffusion analysis EA 190.00$              140              26,600.00$               3 boreholes shallow bedrock, 2 cored in downgradient of landfill area, 2 cores in other 
areas TBD. Assume 20 samples per core.

DESCRIPTION

Alternative GW-5

3 boreholes shallow bedrock (~40 ft bgs), 2 cored in downgradient of landfill area (~100 ft 
bgs), 2 cores in other areas TBD (~60 ft bgs). Assume average 50 feet of cored bedrock 
per borehole at a rate of 50 ft/day.
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

1.3.2.5 Bedrock physical properties analysis EA 515.00$              14                7,210.00$                 Assume 2 samples per core.

1.3.2.6 Soil sample analysis EA 400.00$              288              115,200.00$             Analysis for VOC, SVOC, and physical properties (TOC, etc.). Assume 1 soil sample per 5 
ft of soil boring plus 20% QC. 

1.3.2.7 IDW disposal EA 180.00$              57                10,254.16$               Drill cuttings from boreholes (8" OD). Assumes 55 gallon drums.
1.3.2.8 Engineer oversight HR 135.00$              190              25,650.00$               Field oversight for drilling and rock coring; collect soil samples. 
1.3.2.9 Oversight travel & MIE Week 641.50$              4                  2,566.00$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

1.4 PDI - Nyacol/WAC Groundwater Eval

1.4.1 Drill and install overburden wells LF 115.00$              163              18,745.00$               Six overburden wells installed to an average depth 23 ft bgs for shallow OB and 35 ft bgs 
for deep OB. Drilled using a sonic rig, vendor invoiced cost.

1.4.2 Drill and install bedrock wells LF 175.00$              544              95,200.00$               9 Bedrock wells installed to an average depth of 45 ft bgs for shallow bedrock and 60 ft 
bgs for deep bedrock. Drilled using an air rotary drill rig.

1.4.3 Hydraulic conductivity/slug tests DAY 1,000.00$           2                  2,000.00$                 Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests 
per day. Means 2005 Env 33 02 0405.

1.4.4 Borehole geophysics EA 3,090.00$           5                  15,450.00$               Deep bedrock testing only (assume 5 deep bedrock boreholes). Former project invoice. 

1.4.5 Packer testing - contractor DAY 4,000.00$           5                  20,000.00$               Assume 3 testing intervals per day, 3 intervals per borehole

1.4.6 Packer testing - equipment/supplies LS 2,500.00$           1                  2,500.00$                 Assume pumping, monitoring and H&S supplies + sample shipment

1.4.7 VOC groundwater analysis - packer EA 79.00$                18                1,422.00$                 Assume 15 samples x 20% QA/QC for VOCs

1.4.8 Sampling equipment rental LS 5,000.00$           1                  5,000.00$                 
Sample 65 wells. Includes groundwater pumps, controllers, and compressed gas (3), 
water quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks for each event.  From vendor rental quote.  

1.4.9 Disposable equipment costs EA 20.00$                72                1,440.00$                 Assume 65 wells plus 10% extra.

1.4.10 Sampling event mobilization/demobilization HR 110.00$              64                7,040.00$                 16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each 
event will last 7 days (assuming 2.5 wells per  person per day)

1.4.11 Sampling labor - FOL HR 135.00$              70                9,450.00$                 Assume 7 days at 10 hr/day for 1 FOL
1.4.12 Sampling labor - samplers (3) HR 110.00$              210              23,100.00$               Assume 7 days at 10 hr/day for 3 samplers. 
1.4.13 Sampling travel and MIE Week 641.50$              6                  3,849.00$                 Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
1.4.14 Analytical costs EA 266.00$              65                17,290.00$               Assumes costs for VOC + SVOC analysis
1.4.15 Data validation EA 110.00$              72                7,920.00$                 Assume 1 hour per sample. 

1.5 PDI - DNAPL Extraction Pilot Study

1.5.1 DNAPL characterization samples ea 290.70$              36                10,465.20$               30 samples x 20% QA/QC; VOC, SVOC, fingerprint analysis. Previous project invoice.

1.5.2 Hydraulic fracturing pilot test LS 21,500.00$         1                  21,500.00$               Assume 2 locations (1 overburden with significant silt and 1 bedrock)
1.5.3 Hydraulic fracturing structural evaluation LS 10,000.00$         1                  10,000.00$               Assume structural evaluation needed for nearby facilities
1.5.4 ISCO pilot study LS 100,000.00$       1                  100,000.00$             Assume 6 months for ISCO pilot study
1.5.5 IDW tank day 60.00$                60 3,600.00$                 21,000-Gal Frac Tank Rental
1.5.6 IDW disposal gal 10.00$                3,000           30,000.00$               $10/gallon vac truck; 100 gallons/well x 30 extraction wells
1.5.7 Pumping equipment/supplies day 500.00$              15 7,500.00$                 3 weeks fieldwork; per-day equipment (vehicle, rental, equipment)
1.5.8 Engineer oversight HR 135.00$              300              40,500.00$               Assume 15 days fieldwork over 2 months for 2 staff
1.5.9 Engineer oversight travel Week 641.50$              8                  5,132.00$                 Car rental, gas, meals and incidentals for 2 staff for 4 weeks each.
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

Subtotal 1,258,299.36$          
2.0 Remedy Mobilization/Demobilization

2.01 Equipment mobilization/demobilization LS 20,000.00$         1                  20,000.00$               See Appendix Costing Assumptions

2.02 Field support LS 6,845.00$           1                  6,845.00$                 
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/ discontinue 
electrical service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 hrs 
for senior project manager site visit. 

2.03 Field support monthly costs MO 2,932.00$           31                89,822.80$               Trailer rental @ $355/month. Conex rental @ $85/month,  rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

Subtotal 116,667.80$             
3.0 Remedy Site Preparation

3.01 Install fence and signage LF 19.45$                400              7,780.00$                 Fence/signage for treatment building. Means 2017 HC, 32 31 13.25 0100
3.02 Clear and grub ACRE 7,150.00$           0.5               3,575.00$                 Means 2017 HC, G1010 120.0980, 1000
3.03 Establish utilities LS 800.00$              1                  800.00$                    See Appendix Costing Assumptions

3.04 Railroad R.O.W. coordination costs HR 110.00$              100              11,000.00$               Engineers estimate

3.05 Access LS 5,000.00$           1                  5,000.00$                 Securing access agreements as needed with property owners

3.06 Decontamination facilities EA 10,455.00$         1                  10,455.00$                Means 2017 HC, 32 11 23.23 0100; Means 2017 HC, 31 22 16.10 3100; Vendor Quotes

Subtotal 38,610.00$               
4.0 DNAPL extraction

4.01 Convert PDI wells to DNAPL extraction wells EA 10,000.00$         5.00             50,000.00$               Includes cost for pump, wiring, piping, etc. Assume up to 5 PDI wells will be converted to 
extraction wells.

4.02 Optimize existing DNAPL extraction LS 10,000.00$         1.00             10,000.00$               Includes cleaning and repairing existing well screens and testing existing pumps. 
Assumes 5 days of work plus materials. 

4.03 Drill and install overburden wells LF 115.00$              300              34,500.00$               Overburden wells installed to an average depth 30 ft bgs, 10 wells located in Nyacol/WAC 
area. Drilled using a sonic rig, vendor invoiced cost.

4.04 Drill and Install bedrock wells LF 175.00$              450              78,750.00$               10 Bedrock wells located in Nyacol/WAC  area installed to an average depth of 45 ft bgs. 
Drilled using an air rotary drill rig.

4.05 Hydraulic fracturing LS 30,900.00$         1                  154,500.00$             Assume costs for pilot testing x 10 for full-scale DNAPL recovery enhancement

4.06 Drilling oversight - engineer HR 135.00$              57 200.00$                    5 days DNAPL extraction well conversion/optimization, 10 days drilling, 5 days hydraulic 
fracturing oversight x 10-hr day

4.07 Oversight travel & MIE Week 641.50$              2                  1,283.00$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 329,233.00$             
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

5.0
5.01 Contractor mobilization/demobilization LS 5,000.00$           1                  5,000.00$                 

5.02 Evaluate required distribution/spacing of 
injection wells HR 135.00$              40                5,400.00$                 

5.03 Access LS 5,000.00$           1                  5,000.00$                 Securing access agreements as needed and coordinating with railroad ROW. 

5.05 Drill and install overburden injection wells LF 115.00$              2,100           241,500.00$             
Overburden wells installed to an average depth 30 ft bgs (assume 2 depths at each 
location, one to 20' and one to 40'), 35 wells (with 2 depths each) located in Nyacol/WAC 
portion of source area. Vendor invoiced cost for sonic rig.

5.06 Drill and install overburden injection wells - 
directional wells LF 190.00$              720              136,800.00$             

Overburden wells installed to 30 ft bgs (assume 2 depths at each location, one to 20' and 
one to 40'), 12 directional wells (with 2 depths each) located in Nyacol/WAC portion of 
source area. Vendor invoiced cost for sonic rig.

5.07 Drill and Install bedrock injection wells LF 175.00$              1,785           312,375.00$             
13 Bedrock wells located in Nyacol/WAC portion of source area installed to 45 ft bgs, 12 
bedrock wells located downgradient of landfill to 100 ft bgs; for a total of 25 new bedrock 
injection wells. Air rotary drilling.

5.08 Drill and Install bedrock injection wells - 
directional wells LF 290.00$              540              156,600.00$             12 directional bedrock wells installed to 45 ft bgs  located in Nyacol/WAC portion of source 

area along/under the railroad ROW. Air rotary drilling.

5.09 Drill and install overburden injection wells - 
limited access LF 172.50$              120              20,700.00$               

Overburden wells installed to 30 ft bgs(assume 2 depths at each location, one to 20' and 
one to 40'), 2 wells(with 2 depths each) located in Nyacol/WAC. Drilled using a sonic rig, 
vendor invoiced cost plus 50% for limited access.

5.10 Drill and Install bedrock injection wells - limited 
access LF 262.50$              245              64,312.50$               

1 Bedrock wells located in Nyacol/WAC portion of source area installed to 45 ft bgs, 2 
bedrock wells located downgradient of landfill drilled to 100 ft bgs. 50% price increase for 
limited access. Air rotary drilling

5.11 Borehole geophysics EA 3,090.00$           40 123,600.00$             Borehole geophysics in each bedrock borehole. Previous project invoice.
5.12 Packer testing - contractor DAY 4,000.00$           40                160,000.00$             Assume 3 testing intervals per day, 3 intervals per borehole. Vendor invoice.

5.13 Packer testing - equipment/supplies LS 3,000.00$           1                  3,000.00$                 Assume pumping, monitoring and H&S supplies + sample shipment

5.14 VOC groundwater analysis - packer EA 79.00$                144              11,376.00$               Assume 3 samples per bedrock borehole x 20% QA/QC for VOCs

5.15 Hydraulic conductivity/slug tests DAY 1,000.00$           2                  2,000.00$                 Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests 
per day. Means 2005 Env 33 02 0405.

5.16 IDW disposal EA 180.00$              262              47,160.00$               Drill cuttings from wells (8" OD). Includes non-hazardous soil transport and disposal.
5.17 Engineer oversight HR 135.00$              751              101,337.75$             Oversight of drilling, packer testing, geophysics, and well installation.
5.18 Engineer oversight travel & MIE Week 641.50$              15                9,630.84$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

Subtotal 1,405,792.09$          
6.0 In-Situ Treatment - Nyacol/WAC Area

6.01 Site facilities and laydown areas LS 15,000.00$         1                  15,000.00$               Based on previous project experience. 
6.02 Traffic control HR 75.00$                -               -$                          No traffic control anticipated for this area
6.03 Injection contractor equipment LS 120,000.00$       1                  120,000.00$             

First Injection (100%)

6.04 Persulfate/Peroxide - Nyacol/WAC Area lb 2.24$                  351,373       787,076.42$             Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.05 Treatment chemicals- Landfill Area/bedrock LS 4,741.60$           1                  4,741.60$                 Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.06 Potable water supply delivery EA 300.00$              94.77           28,429.98$               Based on previous project experience. Assumes 7500 gallon tanker deliveries.

Installing injection points - Nyacol/WAC Area
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

6.07 Injection contractor crew and project 
management Day 5,000.00$           122              610,000.00$             Vendor quote. Assumes 122 days to inject. 

6.08 Injection contractor mob/demob LS 20,000.00$         1                  20,000.00$               Based on previous project experience. 

6.09 Oversight and construction monitoring HR 135.00$              1270.00 171,450.00$             Assumes one mid level engineer per injection event (total of 122 days, 10 hours per day) 
and pre-injection site setup (assume one 50 hour week per event).

6.10 Oversight monitoring travel & MIE Week 641.50$              24                15,652.60$               GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Second Injection (100%)

6.11 Persulfate/Peroxide - Nyacol/WAC Area lb 2.24$                  351,373       787,076.42$             Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.12 Treatment chemicals- Landfill Area/bedrock LS 4,741.60$           1                  4,741.60$                 Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.13 Potable water supply delivery EA 300.00$              94.77           28,429.98$               Based on previous project experience. Assumes 7500 gallon tanker deliveries.

6.14 Injection contractor crew and project 
management Day 5,000.00$           122              610,000.00$             Vendor quote. Assumes 122 days to inject. 

6.15 Injection contractor mob/demob LS 20,000.00$         1                  20,000.00$               Based on previous project experience. 

6.16 Oversight and construction monitoring HR 135.00$              1270.00 171,450.00$             Assumes one mid level engineer per injection event (total of 122 days, 10 hours per day) 
and pre-injection site setup (assume one 50 hour week per event).

6.17 Oversight monitoring travel & MIE Week 641.50$              24                15,652.60$               GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Third Injection (50%)

6.18 Persulfate/Peroxide - Nyacol/WAC Area lb 2.24$                  175,687       393,538.21$             Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.19 Treatment chemicals- Landfill Area/bedrock LS 2,370.80$           1                  2,370.80$                 Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.20 Potable water supply delivery EA 300.00$              47                14,214.99$               Based on previous project experience. Assumes 7500 gallon tanker deliveries.

6.21 Injection contractor crew and project 
management Day 5,000.00$           61                305,000.00$             Vendor quote. Assumes 61 days to inject. 

6.22 Injection contractor mob/demob LS 20,000.00$         1                  20,000.00$               Based on previous project experience. 

6.23 Oversight and construction monitoring HR 135.00$              660.00 89,100.00$               Assume one mid level engineer per injection event (total of 61 days, 10 hours/day) and pre-
injection site setup (assume one 50 hour week per event).

6.24 Oversight monitoring travel & MIE Week 641.50$              12                7,826.30$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Fourth Injection (50%)

6.25 Persulfate/Peroxide - Nyacol/WAC Area lb 2.24$                  175,687       393,538.21$             Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote

6.26 Treatment chemicals- Landfill Area/ bedrock LS 2,370.80$           1                  2,370.80$                 Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.

6.27 Potable water supply delivery EA 300.00$              47                14,214.99$               Based on previous project experience. Assumes 7500 gallon tanker deliveries.

6.28 Injection contractor crew and project 
management Day 5,000.00$           61                305,000.00$             Vendor quote. Assumes 61 days to inject. 

6.29 Injection contractor mob/demob LS 20,000.00$         1                  20,000.00$               Based on previous project experience. 

6.30 Oversight and construction monitoring HR 135.00$              660.00 89,100.00$               Assume one mid level engineer per injection event (total of 61 days, 10 hours/day) and pre-
injection site setup (assume one 50 hour week per event).

6.31 Oversight travel & MIE Week 641.50$              12                7,826.30$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 5,073,801.80$          
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Alternative GW-5

7  In-Situ Chemical Oxidation Injection Performance Monitoring - Nyacol/WAC Area
Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.01 Performance monitoring sampling equipment 
rental LS 2,500.00$           4                  10,000.00$               

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks per event.  Costs based on vendor rental quote. 

7.02 Performance monitoring  disposable equipment 
costs EA 20.00$                48.00           960.00$                    Assume 12 locations per monitoring event (4 events total)

7.03 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$              16.00           2,160.00$                 Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.04 Performance monitoring event 
mobilization/demobilization - Samplers (2) HR 110.00$              32.00           3,520.00$                 Assume 4 hour round trip per event for 4 events for two samplers.

7.05 Performance monitoring sampling labor - FOL HR 135.00$              200.00         27,000.00$               
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 1 week per event; 4 events.

7.06 Performance monitoring sampling labor - 
samplers (2) HR 110.00$              400.00         44,000.00$               

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

7.07 Performance monitoring sampling travel and MIE Week 1,786.25$           4.00             7,145.00$                 Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 
and fuel for a period of 1 week per event.

7.08 Performance monitoring  analytical costs EA 150.00$              60.00           9,000.00$                 Assumes analysis for VOCs only. Assumes 1 sample per well, 1 PE sample, 1 blank and 1 
duplicate sample (15 samples per event; 4 events total).

7.09 Performance monitoring data validation HR 110.00$              120.00         13,200.00$               Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.10 Performance monitoring completion report 
preparation LS 10,000.00$         1.00             10,000.00$               

Report to summarize the injection events, observations, monitoring, analytical results, and 
an evaluation of remedial goals.  Costs based on scale-up of performance reporting costs.  
Includes additional evaluation of remedial success and comparison to remedial goals and 
reduction efficiency. One report per round of injection.

Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.11 Performance monitoring sampling equipment 
rental LS 2,500.00$           4                  10,000.00$               

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks per event.  Costs based on vendor rental quote. 

7.12 Performance monitoring  disposable equipment 
costs EA 20.00$                48.00           960.00$                    Assume 12 locations per monitoring event (4 events total)

7.13 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$              16.00           2,160.00$                 Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.14 Performance monitoring event 
mobilization/demobilization - Samplers (2) HR 110.00$              32.00           3,520.00$                 Assume 4 hour round trip per event for 4 events for two samplers.

7.15 Performance monitoring sampling labor - FOL HR 135.00$              200.00         27,000.00$               
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 1 week per event; 4 events.

7.16 Performance monitoring sampling labor - 
samplers (2) HR 110.00$              400.00         44,000.00$               

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

First Injection (Assume monitoring at 100% of locations = 12 wells)

Second Injection (Assume monitoring at 100% of locations = 12 wells)
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7.17 Performance monitoring sampling travel and MIE Week 1,786.25$           4.00             7,145.00$                 Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 
and fuel for a period of 1 week per event.

7.18 Performance monitoring  analytical costs EA 150.00$              60.00           9,000.00$                 Assumes analysis for VOCs only. Assumes 1 sample per well, 1 PE sample, 1 blank and 1 
duplicate sample (15 samples per event; 4 events total).

7.19 Performance monitoring data validation HR 110.00$              120.00         13,200.00$               Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will be performing DV.

7.2 Performance monitoring completion report 
preparation LS 10,000.00$         1.00             10,000.00$               

Report to summarize the injection events, observations, monitoring, analytical results, and 
an evaluation of remedial goals.  Costs based on scale-up of performance reporting costs.  
Includes additional evaluation of remedial success and comparison to remedial goals and 
reduction efficiency. One report per round of injection.

Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.21 Performance monitoring sampling equipment 
rental LS 2,500.00$           4                  10,000.00$               

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks per event.  Costs based on vendor rental quote. 

7.22 Performance monitoring  disposable equipment 
costs EA 20.00$                48.00           960.00$                    Assume 12 locations per monitoring event (4 events total)

7.23 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$              16.00           2,160.00$                 Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.24 Performance monitoring event 
mobilization/demobilization - Samplers (2) HR 110.00$              32.00           3,520.00$                 Assume 4 hour round trip per event for 4 events for two samplers.

7.25 Performance monitoring sampling labor - FOL HR 135.00$              200.00         27,000.00$               Assume 10 hours per day to oversee two samplers, manage and track analytical sample 
collection, collect samples, and conduct field audits. Assume 1 week per event; 4 events.

7.26 Performance monitoring sampling labor - 
samplers (2) HR 110.00$              400.00         44,000.00$               

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

7.27 Performance monitoring sampling travel and MIE Week 1,786.25$           4.00             7,145.00$                 Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 
and fuel for a period of 1 week per event.

7.28 Performance monitoring  analytical costs EA 150.00$              60.00           9,000.00$                 Assumes analysis for VOCs only. Assumes 1 sample per well, 1 PE sample, 1 blank and 1 
duplicate sample (15 samples per event; 4 events total).

7.29 Performance monitoring data validation HR 110.00$              120.00         13,200.00$               Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

Performance monitoring completion report 
preparation LS 10,000.00$         1.00             10,000.00$               

Report to summarize the injection events, observations, monitoring, analytical results, and 
an evaluation of remedial goals.  Costs based on scale-up of performance reporting costs.  
Includes additional evaluation of remedial success and comparison to remedial goals and 
reduction efficiency. One report per round of injection.

7.30 Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.31 Performance monitoring sampling equipment 
rental LS 2,500.00$           4                  10,000.00$               

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks per event.  Costs based on vendor rental quote. 

7.32 Performance monitoring  disposable equipment 
costs EA 20.00$                36.00           720.00$                    Assume 9 locations per monitoring event (4 events total)

Third Injection (Assume monitoring at 100% of locations = 12 wells)

Fourth Injection (Assume monitoring at 75% of locations = 9 wells)

NH-4537-2020 Nobis Group



Appendix E-4
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

7.33 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$              16.00           2,160.00$                 Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.34 Performance monitoring event 
mobilization/demobilization - Samplers (2) HR 110.00$              32.00           3,520.00$                 Assume 4 hour round trip per event for 4 events for two samplers.

7.35 Performance monitoring sampling labor - FOL HR 135.00$              160.00         21,600.00$               
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 4 days per event; 4 events.

7.36 Performance monitoring sampling labor - 
samplers (2) HR 110.00$              320.00         35,200.00$               

Assume samples collected from 12 wells at 10 hours per day over 4 days (maximum), per 
event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

7.37 Performance monitoring sampling travel and MIE Week 1,786.25$           4.00             7,145.00$                 Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 
and fuel for a period of 1 week per event.

7.38 Performance monitoring  analytical costs EA 150.00$              48.00           7,200.00$                 Assumes analysis for VOCs only. Assumes 1 sample per well, 1 PE sample, 1 blank and 1 
duplicate sample (12 samples per event; 4 events total).

7.39 Performance monitoring data validation HR 110.00$              100.00         11,000.00$               Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.40 Performance monitoring completion report 
preparation LS 10,000.00$         1.00             10,000.00$               

Report to summarize the injection events, observations, monitoring, analytical results, and 
an evaluation of remedial goals.  Costs based on scale-up of performance reporting costs.  
Includes additional evaluation of remedial success and comparison to remedial goals and 
reduction efficiency. One report per round of injection.

Subtotal 489,500.00$             
8.0 Nyacol/WAC Area Pump and Treat Pilot Study

8.01 Extraction well pumps EA 2,573.55$           20                51,471.00$               5 bedrock wells downgradient of the landfill and up to 15 DNAPL source area wells. Pump 
cost and labor to install pump. Means 2005 Env 33 23 0521

8.02 Pump control box EA 1,000.00$           20                20,000.00$               Based on vendor pricing

8.03 Down well pump security and control cables LF 2.00$                  1,100           2,200.00$                 5 bedrock wells downgradient of the landfill up to 100 ft bgs and up to 15 DNAPL source 
area wells up to 40 ft bgs. Based on previous project cost data. 

8.04 In well check valves, flow meters, ball valves, 
heat trace, etc. EA 250.00$              20                5,000.00$                 Based on vendor pricing

8.05 Extraction well caps EA 65.00$                20                1,300.00$                 Based on vendor pricing. One new well cap per well.

8.06 Decontamination pad LS 450.00$              1                  450.00$                    Previous project invoice

8.07 Pumping test LS 50,000.00$         2                  100,000.00$             Engineers estimate
8.08 Construction oversight travel & MIE Week 641.50$              2                  1,154.70$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

8.09 Engineer oversight HR 135.00$              90.00           12,150.00$               Assumes time for well conversion to extraction well (4 wells per day) and pumping test (2 
days each). Mid-level engineer.

Subtotal 193,725.70$             
9.0

9.01 Sonic drill rig (8") - overburden/weathered 
bedrock drilling  + well LF 115.00$              340              39,100.00$               Assume 5 locations to 32' and 4 locations to 45'.  Previous project invoice

9.02 Air rotary drill rig - bedrock (10") LF 171.74$              190              32,630.16$               Assume 2 locations to 95'. Means 2005 Env 33 23 1131

Install Extraction Wells - Nyacol/WAC Area
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

9.03 Extraction well pumps EA 2,573.55$           12                30,882.60$               Pump cost and labor to install pump. Means 2005 Env 33 23 0521

9.04 Pump control box EA 1,000.00$           12                12,000.00$               Based on vendor pricing

9.05 Down well pump security/control cables LF 2.00$                  530              1,060.00$                 Based on previous project cost data. 

9.06 In well check valves, flow meters, ball valves, 
heat trace, etc. EA 250.00$              12                3,000.00$                 Based on vendor pricing

9.07 Extraction well caps EA 65.00$                12                780.00$                    Based on vendor pricing. One new well cap per well.

9.08 Extraction well utility trenching & 
backfilling/compaction CY 22.00$                1,624.44      35,737.78$               Assumes 1462 ft of trench, 6 feet wide, 5 feet deep.

9.09 trench bedding sand CY 15.00$                325              4,873.33$                 Assumes 1462 ft of trench, 6 feet wide with 1 foot of sand

9.10 3" tubing heads to treatment building LF 9.57$                  1,462           13,991.34$               Assumes Masterkleer PVC tubing from each of the new wells to treatment building 
(McMaster).

9.11 6" Containment pipe throughout for all 
underground pipe LF 1.00$                  1,462           1,462.00$                 Based on previous project data

9.12 power cable from well to treatment building LF 2.77$                  1,462           4,049.74$                 Assumes UF underground feeder cable, copper with ground #10, 2 conductor.

9.13 Wire trace cable from well to treatment building LF 0.15$                  1,462           219.30$                    Assumes 0.05" 150 VAC (UL 1429) Stranded Wire (McMaster).

9.14 Connect electrical service to manholes HR 175.00$              60                10,500.00$               Based on previous project data

9.15 Decontamination pad LS 450.00$              1                  450.00$                    Previous project invoice

9.16 well development - equipment Week 304.44$              1                  304.44$                    Assume 1/2 day per well. Means 2005 Env 33 23 1186

9.17 well development - containerize and treat on-site EA 24,031.41$         1                  24,031.41$               Assume 1 20,000-gal frac tank to hold water until ready for on-site treatment. Means 2005 
Env 33 10 9665

9.18 Network extraction wells LF 23.88$                1,462           34,909.49$               6" PVC Schedule 40 piping, Means 2005 Env 33 26 0461

9.19 Network extraction wells - junctions/fittings EA 67.82$                -               -$                          1 tee and 1 90degree elbow, Means 2005 Env 33 27 0107, 33 27 0117

9.20 Network pump EA 6,670.59$           -               -$                          10 HP, 200 GPM, Centrifugal pump. Means 2005 Env 33 29 0108

9.21 Pumping test LS 10,000.00$         2                  20,000.00$               Engineers estimate

9.22 Electricity for pumps kWh 0.23$                  91,453         21,034.11$               Electricity to run extraction pumps for 1 year.

9.23 Engineer oversight HR 135.00$              150              20,250.00$               Assume 5 days/pumping test and 5 days drilling oversight
9.24 Oversight travel & MIE Week 641.50$              3                  1,924.50$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
9.25 IDW Disposal - soil EA 180.00$              25                4,500.00$                 Drill cuttings from wells. Includes non-hazardous sil transport and disposal. 

Subtotal 317,690.20$             
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

10.0 Groundwater Treatment building  - Nyacol/WAC Area
10.01 Contractor mobilization/demobilization LS 5,000.00$           1.00             5,000.00$                 Engineers Estimate

10.02 Bench testing of precipitants/polyphosphate 
addition LS 20,000.00$         1.00             20,000.00$               Estimate based upon similar treatability studies performed in the past.

10.03 Bench testing of air stripper LS 20,000.00$         1.00             20,000.00$               Estimate based upon similar treatability studies performed in the past.

10.04 Grade treatment train area SY 1.82$                  324              589.32$                    Means 2005 Env 17 03 0102 and 17 03 0106

10.05 Treatment berm - inflatable EA 5,821.77$           1                  5,821.77$                 must contain min of 3,000 gal, Means 2005 Env 33 19 9903

10.06 Air blower to inflate containment berm EA 245.10$              1                  245.10$                    Means 2005 Env 33 19 9911

10.07 Groundwater Treatment building LS 20,000.00$         1                  20,000.00$               Engineers Estimate

10.08 Electrician LS 30,000.00$         1                  30,000.00$               Based on previous project cost data, includes materials cost.

10.09 Plumbing LS 25,000.00$         1                  25,000.00$               Based on previous project cost data, includes materials cost.

10.10 Heating LS 5,000.00$           11                55,000.00$               Based on previous project cost data, includes materials cost.

10.11 Electricity/heat for building kWh 0.23$                  20,000         4,600.00$                 1 year of electricity/heat for building. Engineers Estimate

10.12 Holding tank for extracted groundwater (20,000-
gallon tank) EA 24,031.41$         1                  24,031.41$               Means 2005 Env 33 10 9665

10.13 50 gpm oil-water separator EA 20,369.10$         1                  20,369.10$               Means 2005 Env 19 04 0412
10.14 50 gpm pump-out unit with controls EA 9,778.20$           1                  9,778.20$                 Means 2005 Env 33 13 1212

10.15 Piping - influent, effluent, discharge (3" PVC 
schedule 40 connection piping) LF 10.29$                30                308.83$                    Means 2005 Env 33 26 0414. Assume 10' piping per section

10.16 Product storage - 55 gal drum EA 115.46$              2                  230.91$                    Means 2005 Env 33 19 9921

10.17 Extracted DNAPL disposal (55 gal drum) EA 300.00$              2                  600.00$                    Engineers Estimate

10.18 Holding tank for OWS effluent groundwater 
(aboveground sump) EA 2,849.61$           1                  2,849.61$                 Means 2005 Env 19 04 0603, 1000 gal above ground steel sump

10.19 30 GPM Continuous neutralization system EA 63,108.09$         1 63,108.09$               Means 2005 Env 33 12 0609

10.20 Analog pH analyzer EA 933.91$              1 933.91$                    Means 2005 Env 33 02 1520

10.21 pH Coax Cable (4') EA 119.60$              1 119.60$                    Means 2005 Env 33 02 1521

10.22 Polyphosphate addition EA 736.00$              18                13,248.00$               Vendor Quote. Unit cost for 1 55-gal drum plus freight. Assume 10L needed per day 
assuming 30 gpm flow.

10.23 Chemical holding tanks EA 990.00$              3                  2,970.00$                 
Estimate based upon Means Environmental Cost Data - Assemblies.  
Assume 500-gallon polyethylene storage tanks.  Includes installation 
labor.

10.24 Chemical metering pumps EA 1,000.00$           2                  2,000.00$                 Estimate based upon Grainger catalog.  Assume 120 gallon-per-day 
metering pumps for addition of precipitation chemicals.

10.25  Heat exchanger  EA 5,610.21$           1                  5,610.21$                 Means 2005 Env 33 11 9317

10.26 Install Air Stripper Tower EA 16,571.34$         1                  16,571.34$               Assume 4-8' diameter, >30' height. Labor for install only. Means 2005 Env 33 13 0745

10.27 Air Stripper Tower (2' diameter, 45' height) EA 100,000.00$       1                  100,000.00$             Includes piping, packing material, air blower,  Vendor Quote (12/28/18)
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

10.28 Vapor recovery system EA 5,523.78$           1 5,523.78$                 Means 2005 Env 33 13 2302, 1 HP, 230V, 98 SCFM, Vapor Recovery System

10.29 Vapor-phase carbon system EA 100,000.00$       1 100,000.00$             
Based on vendor quote. Assumes a Tigg 5CC 0408 unit. Assumes a 
carbon usage of 1,962 lbs per day to treat the vapor phase effluent from 
the air stripper.

10.30 Vapor sampling and analysis EA 500.00$              365              182,500.00$             Assume labor, equipment, and VOC analysis for each sample. Collect 1 sample a day for 
first year of operation. 

10.31 Transfer pump EA 4,315.05$           2                  8,630.10$                 Means Env 2005 33 29 0120, 35 GPM, 1 HP, transfer pump w/motor, valves, piping

10.32 Influent/effluent piping and fittings LF 178.64$              20                3,572.78$                 Means 2005 Env 33 26 0601, 3" double-walled carbon steel piping with fittings

10.33 Discharge flow totalizer EA 750.00$              1                  750.00$                    Estimate from McMaster-Carr.  Estimate based on 2-inch ID flow meter capable of 
measuring 100 gpm to 99,999,999 gallons.  Includes installation labor.

10.34 Inflow totalizer EA 250.00$              1                  250.00$                    Estimate based upon Grainger catalog.  1-inch inflow, 50 gpm maximum.

10.35 Programmable logic controller EA 25,000.00$         1                  25,000.00$               Estimate based on vendor quote.

10.36 Misc. parts and supplies LS 5,000.00$           1                  5,000.00$                 Bulk estimate.

10.37 Electrical kWh 0.23$                  27,436         6,310.23$                 Assumes 1 year of electricity to operate blower. 2018 Bureau of Labor Statistics 
(https://www.bls.gov/regions/new-england/news release/averageenergyprices_boston.htm)

10.38 Blower (98 SCFM, 3.2 HP, 5 PSI) EA 8,494.65$           1                  8,494.65$                 Means 2005 Env 33 13 9001

10.39 Holding tank for air stripper effluent water 
(aboveground sump) EA 2,849.61$           1                  2,849.61$                 Means 2005 Env 19 04 0603, 1000 gal above ground steel sump

10.40 Full-time treatment plant operator HR 110.00$              2,080           228,800.00$             8 hours a day, 5 days/week

10.41 Construction oversight travel & MIE Week 641.50$              8                  5,132.00$                 Engineers estimate, 8 weeks to construct treatment plant. Includes the GSA per-diem MIE 
for one engineer in Middlesex County, rental vehicle and fuel.

10.42 Engineer oversight HR 135.00$              400              54,000.00$               Mid-level engineer.

Subtotal 1,085,798.55$          
11.0 Monitoring Well Network Optimization
11.1 Drilling/Geophysics/Packer Testing

11.1.1 Drilling contractor mobilization/ demobilization LS 1,000.00$           1 1,000.00$                 Previous project invoice

11.1.2 Drill and install overburden wells FT 115.00$              374 43,010.00$               Assume 2 OB wells per location (unless otherwise noted), 1 at water table and 1 at 
bedrock interface. Previous project invoice

11.1.3 Drill and install bedrock wells FT 171.74$              692 118,844.08$             Means 2005 Env 33 23 1131

11.1.4 Soil sampling labor HR 110.00$              38 4,180.00$                 Collect soil samples from overburden well installation

11.1.5 VOC soil analysis EA 200.00$              11 2,200.00$                 Collect 1 VOC soil sample from each cluster location, plus QC. Includes analysis and 
bottles. 

11.1.6 IDW Disposal - soil EA 180.00$              12.7 2,277.28$                 drill cuttings for 4" wells, assume non-hazardous 55 gallon drums

11.1.7 IDW Disposal - water LS 2,000.00$           1 2,000.00$                 well development/decontamination water, assume non-hazardous, off-site disposal

11.1.8 well development - equipment Week 304.44$              3                  913.32$                    Assume 1/2 day per well. Means 2005 Env 33 23 1186
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

11.1.9 Borehole geophysics EA 3,090.00$           11 33,990.00$               Borehole geophysics in each bedrock borehole to assess depth specific aquifer hydraulic 
properties. Previous project invoice.

11.1.10 Packer testing - contractor DAY 4,000.00$           11                44,000.00$               Assume 3 testing intervals per day, 3 intervals per borehole. Vendor invoice.

11.1.11 Packer testing - equipment/supplies LS 3,000.00$           1                  3,000.00$                 Assume pumping, monitoring and H&S supplies + sample shipment

11.1.12 VOC groundwater analysis - packer EA 79.00$                25                1,975.00$                 Assume 21 samples x 20% QA/QC for VOCs

11.2 Synoptic Sampling Round

11.2.1 Sampling equipment rental LS 5,000.00$           1                  5,000.00$                 
Sample 70 wells. Includes groundwater pumps, controllers, and compressed gas (3), 
water quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks for each event. Costs from rental quote.  

11.2.2 Disposable equipment costs EA 20.00$                77                1,540.00$                 Assume 70 wells, plus 10% extra.

11.2.3 LTM event mobilization/demobilization HR 110.00$              64                7,040.00$                 16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each LTM 
event will last  7 days (assuming 2.5 wells per  person per day)

11.2.4 Sampling labor - FOL HR 135.00$              70                9,450.00$                 Assume 7 days at 10 hr/day for 1 FOL
11.2.5 Sampling labor - samplers (3) HR 110.00$              210              23,100.00$               Assume 7 days at 10 hr/day for 3 samplers. 
11.2.6 Sampling travel and MIE Week 641.50$              6                  3,849.00$                 Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
11.2.7 Analytical costs EA 180.00$              77                13,860.00$               Assumes  costs for VOC analysis only.
11.2.8 Data validation EA 110.00$              77                8,470.00$                 Assume 1 hour per sample. 

11.2.9 Construction oversight travel & MIE Week 641.50$              11                7,056.50$                 Engineers estimate, time to install wells and perform borehole testing. Includes the GSA 
per-diem MIE for 1 engineer in Middlesex County, rental vehicle and fuel.

11.2.10 Engineer oversight HR 135.00$              522              70,510.50$               Mid-level engineer. Assume 100 ft/day for overburden drilling and 80 ft/day for bedrock 
drilling, monitoring well development, and borehole geophysics/packer testing.

Subtotal 407,265.68$             
12.0 Off Site Disposal

12.01 POTW discharge cost CF 0.19$                  2,353,957    441,602.37$             Assume 33.5 gpm for Nyacol/WAC plant. Annual cost, Ashland, MA sewer rates effective 
7/1/18

12.02 Decontamination water off-site 
disposal/discharge LS 25,000.00$         1 25,000.00$               Engineer Estimate

12.03 NPDES permit sampling and analysis - permit 
application LS 25,000.00$         1 25,000.00$               Engineer Estimate

12.04 Sampling equipment EA 50.00$                260              13,000.00$               Assume daily sampling for VOCs, monthly for all other contaminants
12.05 Sampling labor HR 110.00$              520              57,200.00$               Assume 2 hours per sample event (collecting grab samples from discharge)
12.06 Analytical costs - VOCs (daily sampling) EA 150.00$              520              78,000.00$               Assume VOC analysis for all samples

12.07 Analytical costs - VOCs, SVOCs, 
PCB/Pesticides, Metals (monthly sampling) EA 500.00$              24                12,000.00$               Assume 2 monthly samples submitted for full-suite of analyses

12.08 Data validation HR 135.00$              120              16,200.00$               Assume 10 hours per month for data validation

12.09 Monthly report/permit preparation and submittal HR 110.00$              240              26,400.00$               Assume 20 hours per month to prepare report

Subtotal 694,402.37$             
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-5

13.0  Institutional Controls
13.01 Institutional Controls LS 30,000.00$         2                  60,000.00$               Engineer Estimate. IC for Nyacol/WAC and Plume areas.

Subtotal 60,000.00$               
14.0 Site Closeout

14.01 Site Cleanup LS 20,000.00$         1                  20,000.00$               Engineer Estimate

14.02 As-Built Survey ACRE 2,928.00$           20                58,560.00$               Includes Nyacol/WAC and limited plume areas. Means 2017 HC, 02 21 13.09 0020 & 
0100

Subtotal 78,560.00$               
11,549,346.55$        

15.0 Other Costs
15.01 Project Management (5% of direct costs) 577,467.33$             OSWER 9355.0-75

15.02 Engineering and  Design (6% of direct costs) 692,960.79$             OSWER 9355.0-75

15.03 Construction Management (6% of direct costs) 692,960.79$             OSWER 9355.0-75

15.04 Location Adjustment (10%) 1,154,934.65$          MEANS 2017 HC City Cost Indexes

15.05 Health and Safety Monitoring - Level C (20% of direct costs) 2,309,869.31$          

15.06 Contingency (Scope 15%) 1,732,401.98$          OSWER 9355.0-75
7,160,594.86$          

TOTAL CAPITAL COST FOR GW-5 18,710,000$   

Notes:
1 Alternative GW-5: Nyacol/WAC AOC DNAPL extraction, In-Situ Treatment and Limited Pump and Treat
2 All RS Means Env costs are inflated by 20% from 2005 and assume Level C PPE 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS
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UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTES

OM1.1.01 Existing Extraction Wells (Annual Cost, Years 1-5)
OM.1.1.01 Labor/travel LS 48,873.00$  1 48,873.00$     Current system O&M annual costs (2016-2018 average)

OM.1.1.02 Materials, supplies, equipment LS 3,170.00$    1 3,170.00$       Includes materials, supplies, equipment, signage, PPE, monitoring 
equipment, laboratory costs. Current system O&M annual cost. 

OM.1.1.03 Extracted DNAPL off-site disposal and transportation LS 6,600.00$    1 6,600.00$       Current system O&M annual cost. 
OM.1.1.04 Extraction well/pump repairs LS 848.00$       1 848.00$          Current system O&M annual cost. 
OM.1.1.05 System operation - nitrogen tanks and power LS 260.00$       1 260.00$          Current system O&M annual cost. 

Subtotal 59,751$         

OM1.2.01 Newly Installed DNAPL Recovery Wells (Monthly Cost, Years 1-5)

OM.1.2.01 Labor - pump-out DNAPL extraction wells HR 135.00$       40 5,400.00$       Assume 1 hr per well per month to inspect, gauge, and extract DNAPL using 
bailer or pump. 

OM.1.2.02 Materials, supplies, equipment EA 132.08$       40 5,283.33$       Includes materials, supplies, equipment, signage, PPE, monitoring 
equipment, laboratory costs for each well per month. 

OM.1.2.03 Extraction well repair LS 500.00$       1 500.00$          Assume $500 per month to repair extraction wells.
OM.1.2.04 Extracted DNAPL off-site disposal and transportation EA 275.00$       40 11,000.00$     Monthly disposal and transportation costs for each extraction well. 
OM.1.2.05 Engineer travel Week 641.50$       1                 641.50$          Car rental, gas, meals and incidentals for 1 staff for 5 days/month.

Subtotal 22,825$          

OM.2.01 Electricity for extraction well network pumps kWh 0.23$           91,453        21,034$          Electricity to run extraction pumps for 1 year.

OM.2.02 Disposal of hazardous bulk waste (DNAPL) EA 300.00$       2 600$               Assume 2 drums of DNAPL/water mixture per year. Engineers estimate. 

OM.2.03 OWS pump & motor maintenance repair EA 653.10$       1 653$               Annual oil water stripper repair/maintenance. RS Means 33 41 0101

OM.2.04 Air stripper packing reconditioning EA 4,584.66$    1 4,585$            Recondition packing material once per year. RS Means Env 33 13 0701

OM.2.05 Replace packing material EA 1,203.64$    1 1,204$            Assume 10% per year. Means 2005 Env 33 13 0738

OM.2.06 Blower and motor maintenance/repair EA 962.83$       1 963$               Annual repair/maintenance on air stripper blower. Means 2005 Env 33 41 
0201

OM.2.07 Electricity for air stripper YR 6,310.23$    1 6,310$            
Assume $0.23/Kwh. 2018 Bureau of Labor Statistics 
(https://www.bls.gov/regions/new-england/news-
release/averageenergyprices_boston.htm)

OM.2.08 Non-routine O&M LS 20,000.00$  1 20,000$          Based on previous project cost data.

OM.2.09 GW Treatment building repairs and upkeep LS 3,000.00$    1 3,000$            Annual cost to apply to repairs to roof/siding, interior or exterior lighting, 
snow-plowing services, or concrete repairs.

DESCRIPTION

Alternative GW-5

OM.2.0 Pump and Treat O&M

OM.1.0 DNAPL Extraction
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UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTESDESCRIPTION

Alternative GW-5

OM.2.10 Labor to operate groundwater treatment plant/collect 
samples HR 110.00$       2080 228,800$        Annual labor

Subtotal 287,149$        

OM.3.01 Sampling equipment EA 50.00$         260             13,000$          *assume daily sampling for VOCs, monthly for all other contaminants

OM.3.02 Sampling labor HR 110.00$       520             57,200$          Assume 2 hours per sample event (collecting grab samples from discharge)

OM.3.03 Analytical costs - VOCs EA 150.00$       520             78,000$           VOCs only 

OM.3.04 Analytical costs - VOCs, SVOCs, metals, PCB/Pesticides EA 500.00$       24               12,000$           Monthly sampling for all analyses (2 samples each month) 

OM.3.05 Data validation HR 135.00$       120             16,200$          Assume 10 hours per month for data validation
OM.3.06 Monthly report/permit preparation and submittal HR 135.00$       240             32,400$          Assume 20 hours per month to prepare report

Subtotal 208,800$        

OM.4.01 POTW discharge cost CF 0.19$           2,108,021   395,465$        Assume continuous discharge of 30 gpm to POTW

Subtotal 395,465$        

OM.5.01 Sampling PM oversight HR 180.00$       10 1,800$            
OM.5.02 Groundwater sampling labor - FOL HR 135.00$       48 6,480$            Assumes 4, 10-hr days for FOL for 1 person, plus travel time (8 hrs)

OM.5.03 Groundwater sampling labor - sampler HR 110.00$       96 10,560$          Assumes 4, 10-hr days for sampling for 2 people, plus travel time (8 hrs/pp)

OM.5.04 Construction oversight travel & MIE Week 641.50$       2 1,283$            
OM.5.05 Synoptic water level round HR 110.00$       12 1,320$            Assumes 1, 10-hr day for 1 person, plus travel time (2 hrs)
OM.5.06 Field/sampling equipment Day 570.00$       8 4,560$            Equipment per person per field day
OM.5.07 Analysis: VOCs, SVOCs, anions, dissolved gases EA 473.50$       27 12,785$          22 wells plus QC. Vendor quote including glassware ($25)
OM.5.08 Data validation HR 110.00$       27 2,970$            Assume 1 hr per sample
OM.5.09 MNA reporting HR 135.00$       60 8,100$            

Subtotal 49,858$          

OM.4.0  Off-Site Disposal

OM.5.0  MNA - Plume Area (quarterly sampling)

OM.3.0 NPDES Permit Sampling
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Appendix E-4
Alternative GW-5 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 3

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTESDESCRIPTION

Alternative GW-5

OM.6.01 Sampling equipment rental LS 5,000.00$    1 5,000$            

Includes groundwater pumps, controllers, and compressed gas (3), water 
quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks for each event.  Costs based upon vendor 
rental quote.  

OM.6.02 Disposable equipment costs EA 20.00$         77 1,540$            Assume 70 wells per each annual LTM event, plus 10% extra.

OM.6.03 LTM event mobilization/demobilization HR 110.00$       64 7,040$            
16 hours per FOL/sampler to prep for event (includes event travel, 2 
hr/day/pp). Each LTM event will last 7 days (assuming 2.5 wells per person 
per day)

OM.6.04 Sampling labor - FOL HR 135.00$       70 9,450$            Assume 7 days at 10 hr/day for 1 FOL
OM.6.05 Sampling labor - samplers (3) HR 110.00$       210 23,100$          Assume 7 days at 10 hr/day for 3 samplers. 
OM.6.06 Sampling travel and MIE Week 641.50$       6 3,849$            
OM.6.07 Analytical costs EA 350.00$       84 29,400$          Assumes  costs for VOC, SVOC, and general geochemistry. 
OM.6.08 Data validation EA 110.00$       84 9,240$            Assume 1 hour per sample. 
OM.6.09 LTM annual report LS 10,000.00$  1 10,000$          One report per annual LTM event

Subtotal 98,619$          

OM.7.01 Inspection (annual) LS 5,000.00$    1 5,000$            
OM.7.02 Deed Restriction Reporting LS 25,000.00$  1 25,000$          

Subtotal 30,000$          

OM.8.01 Inspection (Every 5 years) LS 20,000.00$  1 20,000$          
OM.8.02 Periodic Inspection Report LS 30,000.00$  1 30,000$          

Subtotal 50,000$          

Notes:
1 Alternative GW-5: Nyacol/WAC AOC DNAPL Extraction, In-Situ Treatment and Limited Pump and Treat

OM.8.0 Five Year Reviews

OM.7.0 Deed Restrictions

OM.6.0  Long-Term Monitoring (annual sampling)

NH-4537-2020 Nobis Group



Appendix E-4
Alternative GW-5 Cost Estimate - Present Value Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Year Capital O&M 5-Yr Review1 Total Discount Rate2 Present Value

0 $18,710,000 -$                  $0 $18,710,000 7.0% $18,710,000

1 $0 1,553,111$       $0 $1,553,111 7.0% $1,451,506

2 $0 1,553,111$       $0 $1,553,111 7.0% $1,356,548

3 $0 1,553,111$       $0 $1,553,111 7.0% $1,267,802

4 $0 1,553,111$       $0 $1,553,111 7.0% $1,184,861

5 $0 1,553,111$       $50,000 $1,603,111 7.0% $1,142,996

6 $0 1,219,462$       $0 $1,219,462 7.0% $812,579

7 $0 1,219,462$       $0 $1,219,462 7.0% $759,420

8 $0 1,219,462$       $0 $1,219,462 7.0% $709,738

9 $0 1,219,462$       $0 $1,219,462 7.0% $663,307

10 $0 1,219,462$       $50,000 $1,269,462 7.0% $645,330

11 $0 1,219,462$       $0 $1,219,462 7.0% $579,358

12 $0 1,219,462$       $0 $1,219,462 7.0% $541,456

13 $0 1,219,462$       $0 $1,219,462 7.0% $506,034

14 $0 1,219,462$       $0 $1,219,462 7.0% $472,929

15 $0 1,219,462$       $50,000 $1,269,462 7.0% $460,112

16 $0 1,219,462$       $0 $1,219,462 7.0% $413,074

17 $0 1,219,462$       $0 $1,219,462 7.0% $386,051

18 $0 1,219,462$       $0 $1,219,462 7.0% $360,795

19 $0 1,219,462$       $0 $1,219,462 7.0% $337,192

20 $0 1,219,462$       $50,000 $1,269,462 7.0% $328,053

21 $0 1,219,462$       $0 $1,219,462 7.0% $294,516

22 $0 1,219,462$       $0 $1,219,462 7.0% $275,249

23 $0 1,219,462$       $0 $1,219,462 7.0% $257,242

24 $0 1,219,462$       $0 $1,219,462 7.0% $240,413

25 $0 1,219,462$       $50,000 $1,269,462 7.0% $233,897

26 $0 1,219,462$       $0 $1,219,462 7.0% $209,986

27 $0 1,219,462$       $0 $1,219,462 7.0% $196,249

28 $0 1,219,462$       $0 $1,219,462 7.0% $183,410

29 $0 1,219,462$       $0 $1,219,462 7.0% $171,411

30 $0 1,219,462$       $50,000 $1,269,462 7.0% $166,766

TOTAL $18,710,000 $35,319,000

PV O&M $16,609,000

Notes: 

2 Discount rate of 7% per EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.
3 Alternative GW-5: Nyacol/WAC AOC DNAPL Extraction, In-Situ Treatment and Limited Pump and Treat
4 O&M = operations and maintenance

Alternative GW-5

1 Five-year reviews are estimated to cost $50,000 and are included in the Present Value O&M subtotal.
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Appendix E-5
Alternative GW-8 Cost Estimate Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

$43,334,000

$13,694,000

$57,028,000

Note:
1. Alternative GW-8: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat; Downgradient Plume AOC In-Situ Treatment

Alternative GW-8
Capital Costs

Present Value O&M Costs

Present Value Costs
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Appendix E-5
Alternative GW-8 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 16

UNIT UNIT COST QUANTITY TOTAL COST SOURCE

1.0  Pre-Design Investigation
1.1 Mobilization/Demobilization

1.1.1 Equipment mobilization/demobilization LS 20,000.00$    1                  20,000.00$                 Engineers estimate

1.1.2 Field support LS 6,845.00$      1                  6,845.00$                   
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/discontinue 
electrical service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 hrs 
for senior project manager site visit. 

1.1.3 Field support monthly costs MO 2,932.00$      8                  23,456.00$                 Trailer rental @ $355/month. Conex rental @ $85/month,  rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

1.1.4 Clear and grub ACRE 7,150.00$      0.5               3,575.00$                   Means 2017 HC, G1010 120.0980, 1000
1.1.5 Railroad R.O.W. coordination HR 110.00$         100              11,000.00$                 Engineers estimate
1.1.6 Access LS 5,000.00$      1                  5,000.00$                   Securing access agreements as needed with property owners
1.1.7 Decontamination facilities EA 10,455.00$    1                  10,455.00$                 Means 2017 HC, 32 11 23.23 0100; Means 2017 HC, 31 22 16.10 3100; vendor quotes

1.2 PDI- Surveys
1.2.1 Utility survey contractor - Nyacol/WAC EA 3,000.00$      2                  6,000.00$                   Engineer's estimate; previous survey bids
1.2.2 Wetland survey contractor LS 2,000.00$      1                  2,000.00$                   Engineer estimate, historic costs
1.2.3 Nyacol/WAC feature survey ACRE 2,928.00$      8                  23,424.00$                 Means 2017 HC, 02 21 13.09 0020 & 0100

1.2.4 Field oversight HR 135.00$         48                6,480.00$                   2x10-hr days utility survey, 1x10-hr day wetland survey, 1x10-hr day feature, plus travel 
time (2 hours per day)

1.2.5 Oversight travel & MIE Week 641.50$         1                  641.50$                      GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
1.3 PDI - DNAPL Investigation

1.3.1 Phase I
1.3.1.1 Drilling mobilization LS 1,900.00$      1                  1,900.00$                   Vendor quote for similar previous work
1.3.1.2 NAPL profiling DAY 3,600.00$      10                36,000.00$                 DyeLIF: 60 locations, avg. 30'/location and 200'/day = 10 days
1.3.1.3 VOC/hydraulic profiling DAY 3,600.00$      15                54,000.00$                 MiHPT: 100 locations, avg. 30'/location and 200'/day = 15 days
1.3.1.4 Groundwater profiling - rig DAY 3,800.00$      15                57,000.00$                 10 samples/location x 15 locations = 150 samples. 10 samples/day = 15 days
1.3.1.5 Groundwater profiling - samples EA 266.00$         180              47,880.00$                 150 samples + 20% QA/QC
1.3.1.6 Supplies LS 6,000.00$      1                  6,000.00$                   bottleware + misc. supplies + shipping costs
1.3.1.7 Field oversight HR 135.00$         250              33,750.00$                 10 hrs/day x 25 days = 250 hr
1.3.1.8 Field equipment DAY 150.00$         25                3,750.00$                   Per-day equipment rentals
1.3.1.9 Oversight travel & MIE Week 641.50$         5                  3,207.50$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

1.3.2 Phase II

1.3.2.1 Rotosonic drilling and well installation LF 115.00$         1,200           138,000.00$               Drilled using a sonic rig, vendor invoiced cost. 30 boreholes x 40 ft. Install 2" DNAPL 
recovery wells.

1.3.2.2 Rock coring - surface casing + bedrock drilling LF 125.00$         560              70,000.00$                 

1.3.2.3 Matrix diffusion evaluation - core collection and 
evaluation DAY 4,232.00$      7                  29,624.00$                 

1.3.2.4 Matrix diffusion analysis EA 190.00$         140              26,600.00$                 3 boreholes shallow bedrock, 2 cored in downgradient of landfill area, 2 cores in other 
areas TBD. Assume 20 samples per core.

1.3.2.5 Cored bedrock physical properties analysis EA 515.00$         14                7,210.00$                   Assume 2 samples per core.

DESCRIPTION

Alternative GW-8

3 boreholes shallow bedrock (~40 ft bgs), 2 cored in downgradient of landfill area (~100 ft 
bgs), 2 cores in other areas TBD (~60 ft bgs). Assume average 50 feet of cored bedrock 
per borehole at a rate of 50 ft/day.
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Appendix E-5
Alternative GW-8 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 2 of 16

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-8

1.3.2.6 Soil sample analysis EA 400.00$         288              115,200.00$               Analysis for VOC, SVOC, and physical properties (TOC, etc.). Assume 1 soil sample per 5 
ft of soil boring plus 20% QC. 

1.3.2.7 IDW disposal EA 180.00$         57                10,254.16$                 Drill cuttings from boreholes (8" OD). Assumes 55 gallon drums.
1.3.2.8 Engineer oversight HR 135.00$         190              25,650.00$                 Field oversight for drilling and rock coring; collect soil samples. 
1.3.2.9 Oversight travel & MIE Week 641.50$         4                  2,566.00$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

1.4 PDI - Nyacol/WAC Groundwater Evaluation

1.4.1 Drill and install overburden wells LF 115.00$         163              18,745.00$                 Six overburden wells installed to an average depth 23 ft bgs for shallow OB and 35 ft bgs 
for deep OB. Drilled using a sonic rig, vendor invoiced cost.

1.4.2 Drill and install bedrock wells LF 175.00$         544              95,200.00$                 9 Bedrock wells installed to an average depth of 45 ft bgs for shallow bedrock and 60 ft bgs 
for deep bedrock. Drilled using an air rotary drill rig.

1.4.3 Hydraulic conductivity/slug tests DAY 1,000.00$      2                  2,000.00$                   Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests 
per day. Means 2005 Env 33 02 0405.

1.4.3 Borehole geophysics EA 3,090.00$      5                  15,450.00$                 Deep bedrock only (assume 5 deep bedrock boreholes). Former project invoice. 
1.4.4 Packer testing - contractor DAY 4,000.00$      5                  20,000.00$                 Assume 3 testing intervals per day, 3 intervals per borehole
1.4.5 Packer testing - equipment/supplies LS 2,500.00$      1                  2,500.00$                   Assume pumping, monitoring and H&S supplies + sample shipment
1.4.6 VOC groundwater analysis - packer EA 79.00$           18                1,422.00$                   Assume 15 samples x 20% QA/QC for VOCs

1.4.7 Sampling equipment rental LS 5,000.00$      1                  5,000.00$                   
Sample 65 wells. Includes groundwater pumps, controllers, and compressed gas (3), water 
quality monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) 
for two weeks for each event.  From vendor rental quote.  

1.4.8 Disposable equipment costs EA 20.00$           72                1,440.00$                   Assume 65 wells plus 10% extra.

1.4.9 Sampling event mobilization/demobilization HR 110.00$         64                7,040.00$                   16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each 
event will last a maximum of 7 days (assuming 2.5 wells per  person per day)

1.4.10 Sampling labor - FOL HR 135.00$         70                9,450.00$                   Assume 7 days at 10 hr/day for 1 FOL
1.4.11 Sampling labor - samplers (3) HR 110.00$         210              23,100.00$                 Assume 7 days at 10 hr/day for 3 samplers. 
1.4.12 Sampling travel and MIE Week 641.50$         6                  3,849.00$                   Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
1.4.13 Analytical costs EA 266.00$         65                17,290.00$                 Assumes costs for VOC + SVOC analysis
1.4.14 Data validation EA 110.00$         72                7,920.00$                   Assume 1 hour per sample. 

1.5 PDI - DNAPL/ISCO Pilot Study
1.5.1 DNAPL characterization samples ea 290.70$         36                10,465.20$                 20 samples x 20% QA/QC; VOC, SVOC, fingerprint analysis. Previous project invoice.
1.5.2 Hydraulic fracturing pilot test LS 21,500.00$    1                  21,500.00$                 Assume 2 locations (1 overburden with significant silt and 1 bedrock)
1.5.3 Hydraulic fracturing structural evaluation LS 10,000.00$    1                  10,000.00$                 Assume structural evaluation needed for nearby facilities
1.5.4 ISCO pilot study LS 100,000.00$  1                  100,000.00$               Assume 6 months for combination ISCO/DNAPL extraction pilot studies
1.5.5 IDW tank day 60.00$           60 3,600.00$                   21,000-Gal Frac Tank Rental
1.5.6 IDW disposal gal 10.00$           3,000           30,000.00$                 $10/gallon vac truck; 100 gallons/well x 30 extraction wells
1.5.7 Pumping equipment/supplies day 500.00$         15 7,500.00$                   3 weeks fieldwork; per-day equipment (vehicle, rental, equipment)
1.5.8 Engineer oversight HR 135.00$         300              40,500.00$                 Assume 15 days fieldwork over 2 months for 2 staff
1.5.9 Engineer oversight travel Week 641.50$         8                  5,132.00$                   Car rental, gas, meals and incidentals for 2 staff for 4 weeks each.
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Appendix E-5
Alternative GW-8 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 3 of 16

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-8

1.6 PDI - Plume Groundwater Investigation
1.6.1 Drill and install overburden wells LF 115.00$         800              92,000.00$                 20 overburden wells installed to an average depth 40 ft bgs. Sonic rig vendor invoice.

1.6.2 Drill and install bedrock wells LF 175.00$         500              87,500.00$                 5 Bedrock wells installed to an average depth of 100 ft bgs. Drilled using an air rotary drill 
rig.

1.6.3 Drilling oversight - engineer HR 135.00$         143              19,237.50$                 Assume 100 ft/d for overburden and 80 ft/d for bedrock drilling. 

1.6.4 Soil sampling analysis EA 300.00$         192              57,600.00$                 Samples to be analyzed for VOCs, SVOCs, soil oxidant demand, and physical 
characteristics. Assume 1 sample per 5 ft of overburden drilling, plus 20% for QC. 

1.6.5 Soil - data validation EA 135.00$         192              25,920.00$                 Assume 1 hour per sample. 

1.6.6 Hydraulic conductivity/slug tests DAY 1,000.00$      2                  2,000.00$                   Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests 
per day. Means 2005 Env 33 02 0405.

1.6.7 Borehole geophysics EA 3,090.00$      4                  12,360.00$                 Deep bedrock testing only (assume 4 boreholes). Former project invoice. 
1.6.8 Packer testing - contractor DAY 4,000.00$      4                  16,000.00$                 Assume 3 testing intervals per day, 3 intervals per borehole
1.6.9 Packer testing - equipment/supplies LS 2,500.00$      1                  2,500.00$                   Assume pumping, monitoring and H&S supplies + sample shipment

1.6.10 VOC groundwater analysis - packer EA 79.00$           14                1,137.60$                   Assume 3 samples per bedrock borehole x 20% QA/QC for VOCs

1.6.11 GW Sampling equipment rental LS 5,000.00$      1                  5,000.00$                   
Sample 55 wells. Includes groundwater pumps, controllers, and compressed gas (3), water 
quality monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) 
for two weeks for each event.  From vendor rental quote.  

1.6.12 Disposable equipment costs EA 20.00$           61                1,220.00$                   Assume 55 wells plus 10% extra.

1.6.13 GW Sampling event mobilization/demobilization HR 110.00$         64                7,040.00$                   16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each 
event will last a maximum of 5 days (assuming 2.5 wells per  person per day)

1.6.14 GW Sampling labor - FOL HR 135.00$         50                6,750.00$                   Assume 5 days at 10 hr/day for 1 FOL
1.6.15 GW Sampling labor - samplers (3) HR 110.00$         150              16,500.00$                 Assume 5 days at 10 hr/day for 3 samplers. 
1.6.16 GW Sampling travel and MIE Week 641.50$         4                  2,566.00$                   Car rental, gas, meals and incidentals for 4 samplers for 5 days each.
1.6.17 GW - Analytical costs EA 266.00$         60                15,960.00$                 Assumes costs for VOC + SVOC analysis
1.6.18 GW - data validation EA 135.00$         60                8,100.00$                   Assume 1 hour per sample. 

1.6.19 Groundwater Profiling - DPT drill rig DAY 3,998.00$      10                39,980.00$                 3 profile lines with 5 locations each, total of 15 groundwater profile points. Samples 
collected every 2 feet (assume 10 samples per point). Vendor quote for similar work

1.6.20 Groundwater profiling - sample analysis EA 266.00$         150              39,900.00$                 Assumes costs for VOC + SVOC analysis
1.6.21 Disposable equipment costs EA 20.00$           150              3,000.00$                   
1.6.22 GW profiling labor - samplers (1) HR 110.00$         100              11,000.00$                 
1.6.23 GW profiling travel and MIE Week 641.50$         2                  1,283.00$                   Car rental, gas, meals and incidentals for 1 sampler for 10 days.

Subtotal 1,721,125.46$            
2.0 Remedy Mobilization/Demobilization

2.01 Equipment mobilization/demobilization LS 20,000.00$    1                  20,000.00$                 See Appendix Costing Assumptions

2.02 Field support LS 6,845.00$      1                  6,845.00$                   
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/discontinue 
electrical service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 hrs 
for senior project manager site visit

2.03 Field support monthly costs MO 2,932.00$      73                214,995.74$               Trailer rental @ $355/month. Conex rental @ $85/month,  rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

Subtotal 241,840.74$               
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Appendix E-5
Alternative GW-8 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 4 of 16

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-8

3.0 Remedy Site Preparation
3.01 Install fence and signage LF 19.45$           400.0           7,780.00$                   Fence/signage around treatment building area. Means 2017 HC, 32 31 13.25 0100
3.02 Clear and grub ACRE 7,150.00$      0.5               3,575.00$                   Means 2017 HC, G1010 120.0980, 1000
3.03 Establish utilities LS 800.00$         1                  800.00$                      See Appendix Costing Assumptions
3.04 Railroad R.O.W. coordination HR 110.00$         100              11,000.00$                 Engineers estimate
3.05 Access LS 5,000.00$      1                  5,000.00$                   Securing access agreements as needed with property owners
3.06 Decontamination facilities EA 10,455.00$    1                  10,455.00$                 Means 2017 HC, 32 11 23.23 0100; 2017 HC, 31 22 16.10 3100; vendor quotes

Subtotal 38,610.00$                 
4.0 DNAPL extraction

4.01 Convert PDI wells to DNAPL extraction wells EA 10,000.00$    5.00             50,000.00$                 Includes cost for pump, wiring, piping, etc. Assume up to 5 PDI wells will be converted to 
extraction wells.

4.02 Optimize existing DNAPL extraction LS 10,000.00$    1.00             10,000.00$                 Includes cleaning and repairing existing well screens and testing existing pumps. Assumes 
5 days of work plus materials. 

4.03 Drill and install overburden wells LF 115.00$         300              34,500.00$                 Overburden wells installed to an average depth 30 ft bgs, 10 wells located in Nyacol/WAC 
area. Drilled using a sonic rig, vendor invoiced cost.

4.04 Drill and install bedrock wells LF 175.00$         450              78,750.00$                 10 Bedrock wells located in Nyacol/WAC  area installed to an average depth of 45 ft bgs. 
Drilled using an air rotary drill rig.

4.05 Hydraulic fracturing LS 1,750.00$      1                  875,000.00$               Assume costs for pilot testing x 10 for full-scale DNAPL recovery enhancement

4.06 Drilling oversight - engineer HR 135.00$         57 200.00$                      5 days DNAPL extraction well conversion/optimization, 10 days drilling, 5 days hydraulic 
fracturing oversight x 10-hr day

4.07 Oversight travel & MIE Week 641.50$         2                  1,283.00$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 1,049,733.00$            

5.0
5.01 Contractor mobilization/demobilization LS 5,000.00$      1                  5,000.00$                   

5.02 Evaluate required distribution/spacing of injection 
wells HR 135.00$         40                5,400.00$                   

5.03 Access LS 5,000.00$      1                  5,000.00$                   Secure access agreements as needed; additional coordinating with railroad ROW. 

5.04 Drill and install overburden injection wells LF 115.00$         2,100           241,500.00$               
Overburden wells installed to an average depth 30 ft bgs (assume 2 depths at each 
location, to 20' and to 40'), 35 wells (with 2 depths each) located in Nyacol/WAC portion of 
source area. Vendor invoiced cost for sonic rig.

5.05 Drill and install overburden injection wells - 
directional wells LF 190.00$         720              136,800.00$               

Overburden wells installed to 30 ft bgs (assume 2 depths at each location, one to 20' and 
one to 40'), 12 directional wells (with 2 depths each) located in Nyacol/WAC portion of 
source area. Vendor invoiced cost for sonic rig.

5.06 Drill and install bedrock injection wells LF 175.00$         1,785           312,375.00$               
13 Bedrock wells located in Nyacol/WAC portion of source area installed to 45 ft bgs, 12 
bedrock wells located downgradient of landfill to 100 ft bgs; for a total of 25 new bedrock 
injection wells. Air rotary drilling.

5.07 Drill and install bedrock injection wells - 
directional wells LF 290.00$         540              156,600.00$               12 directional bedrock wells installed to 45 ft bgs  located in Nyacol/WAC portion of source 

area along/under the railroad ROW. Drilled using a air rotary rig.

5.08 Drill and install overburden injection wells - limited 
access LF 172.50$         120              20,700.00$                 

Overburden wells installed to 30 ft bgs (assume 2 depths per location, one to 20' and one 
to 40'), 2 wells (with 2 depths each) in Nyacol/WAC portion of source area. Drilled using a 
sonic rig, vendor invoiced cost plus 50% for limited access.

Installing injection points -  Nyacol/WAC Area
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-8

5.09 Drill and Install bedrock injection wells - limited 
access LF 262.50$         245              64,312.50$                 

1 Bedrock wells located in Nyacol/WAC portion of source area installed to 45 ft bgs, 2 
bedrock wells located downgradient of landfill drilled to 100 ft bgs. 50% price increase for 
limited access. Air rotary drilling

5.10 Borehole geophysics EA 3,090.00$      40                123,600.00$               Borehole geophysics in each bedrock borehole. Previous project invoice.
5.11 Packer testing - contractor DAY 4,000.00$      40                160,000.00$               Assume 3 testing intervals per day, 3 intervals per borehole. Vendor invoice.
5.12 Packer testing - equipment/supplies LS 3,000.00$      1                  3,000.00$                   Assume pumping, monitoring and H&S supplies + sample shipment
5.13 VOC groundwater analysis - packer EA 79.00$           144              11,376.00$                 Assume 3 samples per bedrock borehole x 20% QA/QC for VOCs

5.14 Hydraulic conductivity/slug tests DAY 1,000.00$      2                  2,000.00$                   Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests 
per day. Means 2005 Env 33 02 0405.

5.15 IDW disposal EA 180.00$         262              47,160.00$                 Drill cuttings from wells (8" OD). Includes non-hazardous soil transport and disposal.
5.16 Engineer oversight HR 135.00$         751              101,337.75$               Oversight of drilling, packer testing, geophysics, and well installation.
5.17 Engineer oversight Travel & MIE Week 641.50$         15                9,630.84$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

Subtotal 1,405,792.09$            
6.0 In-Situ Treatment - Nyacol/WAC Area

6.01 Site facilities and laydown areas LS 15,000.00$    1                  15,000.00$                 Based on previous project experience. 
6.02 Traffic control HR 75.00$           -               -$                           No traffic control anticipated for this area
6.03 Injection contractor equipment LS 120,000.00$  1                  120,000.00$               

First Injection (100%)

6.04 Persulfate & Peroxide - Nyacol/WAC Area lb 2.24$             351,373       787,076.42$               Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.05 Treatment chemicals- Landfill Area/bedrock LS 4,741.60$      1                  4,741.60$                   Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.06 Potable water supply delivery EA 300.00$         94.77           28,429.98$                 Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

6.07 Injection contractor crew and project management Day 5,000.00$      122              610,000.00$               Vendor quote. Assumes 122 days to inject. 

6.08 Injection contractor mob/demob LS 20,000.00$    1                  20,000.00$                 Based on previous project experience. 

6.09 Oversight and construction monitoring HR 135.00$         1270.00 171,450.00$               Assumes one mid level engineer for each injection events (total of 122 days, 10 hours per 
day) and the pre-injection site setup (assume one 50 hour week per event).

6.10 Oversight travel & MIE Week 641.50$         24                15,652.60$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Second Injection (100%)

6.11 Persulfate & Peroxide - Nyacol/WAC Area lb 2.24$             351,373       787,076.42$               Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.12 Treatment chemicals- Landfill Area/bedrock LS 4,741.60$      1                  4,741.60$                   Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.13 Potable water supply delivery EA 300.00$         94.77           28,429.98$                 Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

6.14 Injection contractor crew and project management Day 5,000.00$      122              610,000.00$               Vendor quote. Assumes 122 days to inject. 

6.15 Injection contractor mob/demob LS 20,000.00$    1                  20,000.00$                 Based on previous project experience. 

6.16 Oversight and construction monitoring HR 135.00$         1270.00 171,450.00$               Assumes one mid level engineer for each injection events (total of 122 days, 10 hours per 
day) and the pre-injection site setup (assume one 50 hour week per event).

6.17 Oversight travel & MIE Week 641.50$         24                15,652.60$                 GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Third Injection (50%)

6.18 Persulfate & Peroxide - Nyacol/WAC Area lb 2.24$             175,687       393,538.21$               Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.19 Treatment chemicals- Landfill Area/bedrock LS 2,370.80$      1                  2,370.80$                   Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.20 Potable water supply delivery EA 300.00$         47                14,214.99$                 Based on previous project experience. Assumes deliveries of 7500 gallon tankers.
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Alternative GW-8

6.21 Injection contractor crew and project management Day 5,000.00$      61                305,000.00$               Vendor quote. Assumes 61 days to inject. 

6.22 Injection contractor mob/demob LS 20,000.00$    1                  20,000.00$                 Based on previous project experience. 

6.23 Oversight and construction monitoring HR 135.00$         660.00 89,100.00$                 Assumes one mid level engineer for each injection events (total of 61 days, 10 hours per 
day) and the pre-injection site setup (assume one 50 hour week per event).

6.24 Oversight travel & MIE Week 641.00$         12                7,820.20$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Fourth Injection (50%)

6.25 Persulfate & Peroxide - Nyacol/WAC Area lb 2.24$             175,687       393,538.21$               Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.26 Treatment chemicals- Landfill Area/bedrock LS 2,370.80$      1                  2,370.80$                   Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.27 Potable water supply delivery EA 300.00$         47                14,214.99$                 Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

6.28 Injection contractor crew and project management Day 5,000.00$      61                305,000.00$               Vendor quote. Assumes 61 days to inject. 

6.29 Injection contractor mob/demob LS 20,000.00$    1                  20,000.00$                 Based on previous project experience. 

6.30 Oversight and construction monitoring HR 135.00$         660.00 89,100.00$                 Assumes one mid level engineer for each injection events (total of 61 days, 10 hours per 
day) and the pre-injection site setup (assume one 50 hour week per event).

6.31 Oversight travel & MIE Week 641.00$         12                7,820.20$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 5,073,789.60$            

7.0  In-Situ Chemical Oxidation Injection Performance Monitoring  - Nyacol/WAC Area
First Injection (Assume monitoring at 100% of locations = 12 wells) Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.01 Performance monitoring sampling equipment 
rental LS 2,500.00$      4                  10,000.00$                 

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks per event.  Costs based on vendor rental quote. 

7.02 Performance monitoring disposable equipment EA 20.00$           48.00           960.00$                      Assume 12 locations per monitoring event (4 events total)

7.03 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$         16.00           2,160.00$                   Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.04 Performance monitoring event 
mobilization/demobilization - samplers (2) HR 110.00$         32.00           3,520.00$                   Assume 4 hour round trip per event for 4 events for two samplers.

7.05 Performance monitoring sampling labor - FOL HR 135.00$         200.00         27,000.00$                 
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 1 week per event; 4 events.

7.06 Performance monitoring sampling labor - 
samplers (2) HR 110.00$         400.00         44,000.00$                 

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

7.07 Performance monitoring sampling travel & MIE Week 1,786.25$      4.00             7,145.00$                   Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 
and fuel for a period of 1 week per event.

7.08 Performance monitoring analytical costs EA 150.00$         60.00           9,000.00$                   Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, 
one blank and one Duplicate sample (15 samples per event; 4 events total).

7.09 Performance monitoring data validation HR 110.00$         120.00         13,200.00$                 Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.
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Alternative GW-8

7.10 Performance monitoring completion report 
preparation LS 10,000.00$    1.00             10,000.00$                 

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs 
associated with performance monitoring.  Includes additional evaluation of remedial 
success and comparison to remedial goals and reduction efficiency. One report per round 
of injection.

Second Injection (Assume monitoring at 100% of locations = 12 wells) Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.11 Performance monitoring sampling equipment 
rental LS 2,500.00$      4                  10,000.00$                 

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks per event.  Costs based on vendor rental quote. 

7.12 Performance monitoring disposable equipment EA 20.00$           48.00           960.00$                      Assume 12 locations per monitoring event (4 events total)

7.13 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$         16.00           2,160.00$                   Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.14 Performance monitoring event 
mobilization/demobilization - samplers (2) HR 110.00$         32.00           3,520.00$                   Assume 4 hour round trip per event for 4 events for two samplers.

7.15 Performance monitoring sampling labor - FOL HR 135.00$         200.00         27,000.00$                 
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 1 week per event; 4 events.

7.16 Performance monitoring sampling labor - 
samplers (2) HR 110.00$         400.00         44,000.00$                 

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

7.17 Performance monitoring sampling travel & MIE Week 1,786.25$      4.00             7,145.00$                   Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 
and fuel for a period of 1 week per event.

7.18 Performance monitoring analytical costs EA 150.00$         60.00           9,000.00$                   Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, 
one blank and one Duplicate sample (15 samples per event; 4 events total).

7.19 Performance monitoring data validation HR 110.00$         120.00         13,200.00$                 Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.2 Performance monitoring completion report 
preparation LS 10,000.00$    1.00             10,000.00$                 

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs 
associated with performance monitoring.  Includes additional evaluation of remedial 
success and comparison to remedial goals and reduction efficiency. One report per round 
of injection.

Third Injection (Assume monitoring at 100% of locations = 12 wells) Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.21 Performance monitoring sampling equipment 
rental LS 2,500.00$      4                  10,000.00$                 

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks per event.  Costs based on vendor rental quote. 

7.22 Performance monitoring disposable equipment EA 20.00$           48.00           960.00$                      Assume 12 locations per monitoring event (4 events total)

7.23 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$         16.00           2,160.00$                   Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.24 Performance monitoring event 
mobilization/demobilization - samplers (2) HR 110.00$         32.00           3,520.00$                   Assume 4 hour round trip per event for 4 events for two samplers.

7.25 Performance monitoring sampling labor - FOL HR 135.00$         200.00         27,000.00$                 
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 1 week per event; 4 events.
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7.26 Performance monitoring sampling labor - 
samplers (2) HR 110.00$         400.00         44,000.00$                 

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 4 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

7.27 Performance monitoring sampling travel & MIE Week 1,786.25$      4.00             7,145.00$                   Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 
and fuel for a period of 1 week per event.

7.28 Performance monitoring analytical costs EA 150.00$         60.00           9,000.00$                   Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, 
one blank and one Duplicate sample (15 samples per event; 4 events total).

7.29 Performance monitoring data validation HR 110.00$         120.00         13,200.00$                 Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.30 Performance monitoring completion report 
preparation LS 10,000.00$    1.00             10,000.00$                 

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs 
associated with performance monitoring.  Includes additional evaluation of remedial 
success and comparison to remedial goals and reduction efficiency. One report per round 
of injection.

Fourth Injection (Assume monitoring at 75% of locations = 9 wells) Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.31 Performance monitoring sampling equipment 
rental LS 2,500.00$      4                  10,000.00$                 

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks per event.  Costs based on vendor rental quote. 

7.32 Performance monitoring disposable equipment EA 20.00$           36.00           720.00$                      Assume 9 locations per monitoring event (4 events total)

7.33 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$         16.00           2,160.00$                   Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.34 Performance monitoring event 
mobilization/demobilization - samplers (2) HR 110.00$         32.00           3,520.00$                   Assume 4 hour round trip per event for 4 events for two samplers.

7.35 Performance monitoring sampling labor - FOL HR 135.00$         160.00         21,600.00$                 
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 4 days per event; 4 events.

7.36 Performance monitoring sampling labor - 
samplers (2) HR 110.00$         320.00         35,200.00$                 

Assume samples collected from 12 wells at 10 hours per day over 4 days (maximum), per 
event (assume 4 events).  Time required for QC sample collection not specifically included, 
but is likely negligible at this scale.

7.37 Performance monitoring sampling travel & MIE Week 1,786.25$      4.00             7,145.00$                   Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 
and fuel for a period of 1 week per event.

7.38 Performance monitoring analytical costs EA 150.00$         48.00           7,200.00$                   Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, 
one blank and one Duplicate sample (12 samples per event; 4 events total).

7.39 Performance monitoring data validation HR 110.00$         100.00         11,000.00$                 Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.40 Performance monitoring completion report 
preparation LS 10,000.00$    1.00             10,000.00$                 

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs 
associated with performance monitoring.  Includes additional evaluation of remedial 
success and comparison to remedial goals and reduction efficiency. One report per round 
of injection.

Subtotal 489,500.00$               
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Alternative GW-8

8.0

8.01 Extraction well pumps EA 2,573.55$      20                51,471.00$                 5 bedrock wells downgradient of the landfill and up to 15 DNAPL source area wells. Pump 
cost and labor to install pump. Means 2005 Env 33 23 0521

8.02 Pump control box EA 1,000.00$      20                20,000.00$                 Based on vendor pricing

8.03 Down well pump security and control cables LF 2.00$             1,100           2,200.00$                   5 bedrock wells downgradient of the landfill up to 100 ft bgs and up to 15 DNAPL source 
area wells up to 40 ft bgs. Based on previous project cost data. 

8.04 In well check valves, flow meters, ball valves, 
heat trace, etc. EA 250.00$         20                5,000.00$                   Based on vendor pricing

8.05 Extraction well caps EA 65.00$           20                1,300.00$                   Based on vendor pricing. One new well cap per well.
8.06 Decontamination pad LS 450.00$         1                  450.00$                      Previous project invoice
8.07 Pumping test LS 50,000.00$    2                  100,000.00$               Engineers estimate
8.08 Construction oversight travel & MIE Week 641.50$         2                  1,154.70$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

8.09 Engineer oversight HR 135.00$         90.00           12,150.00$                 Assumes time for well conversion to extraction well (4 wells per day) and pumping test (2 
days each). Mid-level engineer.

Subtotal 193,725.70$               
9.0 Install Extraction Wells  - Nyacol/WAC Area

9.01 Sonic drill rig (8") - overburden/weathered 
bedrock drilling  + well LF 115.00$         340              39,100.00$                 Assume 5 locations to 32' and 4 locations to 45'.  Previous project invoice

9.02 Air rotary drill rig - bedrock (10") LF 171.74$         190              32,630.16$                 Assume 2 locations to 95'. Means 2005 Env 33 23 1131
9.03 Extraction well pumps EA 2,573.55$      12                30,882.60$                 Pump cost and labor to install pump. Means 2005 Env 33 23 0521
9.04 Pump control box EA 1,000.00$      12                12,000.00$                 Based on vendor pricing
9.05 Down well pump security and control cables LF 2.00$             530              1,060.00$                   Based on previous project cost data. 

9.06 In well check valves, flow meters, ball valves, 
heat trace, etc. EA 250.00$         12                3,000.00$                   Based on vendor pricing

9.07 Extraction well caps EA 65.00$           12                780.00$                      Based on vendor pricing. One new well cap per well.

9.08 Extraction well utility trenching & 
backfilling/compaction CY 22.00$           1,624.44      35,737.78$                 Assumes 1462 ft of trench, 6 feet wide, 5 feet deep.

9.09 trench bedding sand CY 15.00$           325              4,873.33$                   Assumes 1462 ft of trench, 6 feet wide with 1 foot of sand

9.10 3" tubing heads to treatment building LF 9.57$             1,462           13,991.34$                 Assumes Masterkleer PVC tubing from each of the  new wells to 
the treatment building (McMaster).

9.11 6" Containment pipe throughout for all 
underground pipe LF 1.00$             1,462           1,462.00$                   Based on previous project data

9.12 power cable from well to treatment building LF 2.77$             1,462           4,049.74$                   Assumes UF underground feeder cable, copper with ground #10, 2 conductor.

9.13 Wire trace cable from well to treatment building LF 0.15$             1,462           219.30$                      Assumes 0.05" 150 VAC (UL 1429) Stranded Wire (McMaster).

9.14 Connect electrical service to manholes HR 175.00$         60                10,500.00$                 Based on previous project data
9.15 Decontamination pad LS 450.00$         1                  450.00$                      Previous project invoice
9.16 well development - equipment Week 304.44$         1                  304.44$                      Assume 1/2 day per well. Means 2005 Env 33 23 1186

9.17 well development - containerize and treat on-site EA 24,031.41$    1                  24,031.41$                 Assume 1 20,000-gal frac tank to hold water until ready for on-site treatment. Means 2005 
Env 33 10 9665

9.18 Network extraction wells LF 23.88$           1,462           34,909.49$                 6" PVC Schedule 40 piping, Means 2005 Env 33 26 0461
9.19 Network extraction wells - junctions/fittings EA 67.82$           -               -$                           1 tee and 1 90degree elbow, Means 2005 Env 33 27 0107, 33 27 0117

Nyacol/WAC Area Pump and Treat Pilot Study
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9.20 Network pump EA 6,670.59$      -               -$                           10 HP, 200 GPM, Centrifugal pump. Means 2005 Env 33 29 0108
9.21 Pumping test LS 10,000.00$    2                  20,000.00$                 Engineers estimate
9.22 Electricity for pumps kWh 0.23$             91,453         21,034.11$                 Electricity to run extraction pumps for 1 year.
9.23 Engineer oversight HR 135.00$         150.00         20,250.00$                 Mid-level engineer.
9.24 Construction oversight travel & MIE Week 641.50$         3                  1,924.50$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
9.25 IDW disposal - soil EA 180.00$         25                4,500.00$                   Drill cuttings from wells. Includes transport and disposal of non-hazardous soil. 

Subtotal 317,690.20$               
10.0

10.01 Contractor mobilization/demobilization LS 5,000.00$      1.00             5,000.00$                   Engineers Estimate

10.02 Bench testing of precipitants/polyphosphate 
addition LS 20,000.00$    1.00             20,000.00$                 Estimate based upon similar treatability studies performed in the past.

10.03 Bench testing of air stripper LS 20,000.00$    1.00             20,000.00$                 Estimate based upon similar treatability studies performed in the past.
10.04 Grade treatment train area SY 1.82$             324              589.32$                      Means 2005 Env 17 03 0102 and 17 03 0106
10.05 Treatment berm - inflatable EA 5,821.77$      1                  5,821.77$                   must contain min of 3,000 gal, Means 2005 Env 33 19 9903
10.06 Air blower to inflate containment berm EA 245.10$         1                  245.10$                      Means 2005 Env 33 19 9911
10.07 Groundwater Treatment building LS 20,000.00$    1                  20,000.00$                 Engineers Estimate
10.08 Electrician LS 30,000.00$    1                  30,000.00$                 Based on previous project cost data, includes materials cost.
10.09 Plumbing LS 25,000.00$    1                  25,000.00$                 Based on previous project cost data, includes materials cost.
10.10 Heating LS 5,000.00$      11                55,000.00$                 Based on previous project cost data, includes materials cost.
10.11 Electricity/heat for building kWh 0.23$             20,000         4,600.00$                   1 year of electricity/heat for building. Engineers Estimate

10.12 Holding tank for extracted groundwater (20,000-
gallon tank) EA 24,031.41$    1                  24,031.41$                 Means 2005 Env 33 10 9665

10.13 50 gpm oil-water separator EA 20,369.10$    1                  20,369.10$                 Means 2005 Env 19 04 0412
10.14 50 gpm pump-out unit with controls EA 9,778.20$      1                  9,778.20$                   Means 2005 Env 33 13 1212

10.15 Piping - influent, effluent, discharge (3" PVC 
schedule 40 connection piping) LF 10.29$           30                308.83$                      Means 2005 Env 33 26 0414. Assume 10' piping per section

10.16 Product storage - 55 gal drum EA 115.46$         2                  230.91$                      Means 2005 Env 33 19 9921
10.17 Extracted DNAPL disposal (55 gal drum) EA 300.00$         2                  600.00$                      Engineers Estimate

10.18 Holding tank for OWS effluent groundwater 
(aboveground sump) EA 2,849.61$      1                  2,849.61$                   Means 2005 Env 19 04 0603, 1000 gal above ground steel sump

10.19 30 GPM Continuous neutralization system EA 63,108.09$    1 63,108.09$                 Means 2005 Env 33 12 0609
10.20 Analog pH analyzer EA 933.91$         1 933.91$                      Means 2005 Env 33 02 1520
10.21 pH Coax Cable (4') EA 119.60$         1 119.60$                      Means 2005 Env 33 02 1521

10.22 Polyphosphate Addition EA 736.00$         18                13,248.00$                 Vendor Quote. Unit cost for 1 55-gal drum plus freight. Assume 10L needed per day 
assuming 30 gpm flow.

10.23 Chemical holding tanks EA 990.00$         3                  2,970.00$                   Estimate based upon Means Environmental Cost Data - Assemblies. Assume 500-gallon 
polyethylene storage tanks.  Includes installation labor.

10.24 Chemical metering pumps EA 1,000.00$      2                  2,000.00$                   Estimate based upon Grainger catalog.  Assume 120 gallon-per-day metering pumps for 
addition of precipitation chemicals.

10.25  Heat exchanger  EA 5,610.21$      1                  5,610.21$                   Means 2005 Env 33 11 9317

Groundwater Treatment building  - Nyacol/WAC Area
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-8

10.26 Install Air Stripper Tower EA 16,571.34$    1                  16,571.34$                 Assume 4-8' diameter, >30' height. Labor for install only. Means 2005 Env 33 13 0745
10.27 Air Stripper Tower (2' diameter, 45' height) EA 100,000.00$  1                  100,000.00$               Includes piping, packing material, air blower,  Vendor Quote (12/28/18)
10.28 Vapor recovery system EA 5,523.78$      1 5,523.78$                   Means 2005 Env 33 13 2302, 1 HP, 230V, 98 SCFM, Vapor Recovery System

10.29 Vapor-phase carbon system EA 100,000.00$  1 100,000.00$               Based on vendor quote. Assumes a Tigg 5CC 0408 unit. Assumes carbon usage of 1,962 
lbs per day for treating the vapor phase effluent from the air stripper.

10.30 Vapor sampling and analysis EA 500.00$         365              182,500.00$               Assume labor, equipment, and VOC analysis for each sample. Collect 1 sample a day for 
first year of operation. 

10.31 Transfer pump EA 4,315.05$      2                  8,630.10$                   Means Env 2005 33 29 0120, 35 GPM, 1 HP, transfer pump w/ motor, valves, piping
10.32 Influent/effluent piping and fittings LF 178.64$         20                3,572.78$                   Means 2005 Env 33 26 0601, 3" double-walled carbon steel piping with fittings

10.33 Discharge flow totalizer EA 750.00$         1                  750.00$                      
Estimate based on McMaster-Carr catalog.  Estimates based on 2-inch ID flow meter 
capable of measuring up to 100 gpm through 99,999,999 gallons.  Includes installation 
labor.

10.34 Inflow totalizer EA 250.00$         1                  250.00$                      Estimate based upon Grainger catalog.  1-inch inflow, 50 gpm maximum.
10.35 Programmable logic controller EA 25,000.00$    1                  25,000.00$                 Estimate based on vendor quote.
10.36 Misc. parts and supplies LS 5,000.00$      1                  5,000.00$                   Bulk estimate.

10.37 Electrical kWh 0.23$             27,436         6,310.23$                   Assumes 1 year of electricity to operate blower. 2018 Bureau of Labor Statistics 
(https://www.bls.gov/regions/new-england/news-release/averageenergyprices_boston.htm)

10.38 Blower (98 SCFM, 3.2 HP, 5 PSI) EA 8,494.65$      1                  8,494.65$                   Means 2005 Env 33 13 9001

10.39 Holding tank for air stripper effluent water 
(aboveground sump) EA 2,849.61$      1                  2,849.61$                   Means 2005 Env 19 04 0603, 1000 gal above ground steel sump

10.40 Full-time treatment plant operator HR 110.00$         2,080           228,800.00$               8 hours a day, 5 days/week

10.41 Construction oversight travel & MIE Week 641.50$         8                  5,132.00$                   Engineers estimate, 8 weeks to construct groundwater treatment plant. Includes the GSA 
per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

10.42 Engineer oversight HR 135.00$         400              54,000.00$                 Mid-level engineer.
Subtotal 1,085,798.55$            

11.0 Plume In-situ treatment pilot study

11.1 Install injection points

11.1.1 Install overburden injection points LF 115.00$         280              32,200.00$                 Assume 4 locations with 2 wells each (1 shallow OB, 1 deep OB) with an average depth of 
35 ft bgs. Installed using sonic rig, vendor invoiced cost. 

11.1.2 IDW Disposal EA 180.00$         13                2,340.00$                   Drill cuttings from wells (8" OD). Includes non-hazardous soil transport and disposal. 
11.1.3 Engineer oversight HR 135.00$         28                3,780.00$                   Assume drilling 100 ft/day
11.1.4 Engineer oversight travel & MIE Week 641.50$         1                  641.50$                      GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

11.2 Pilot Study ISCO Injection
11.2.1 Injection contractor equipment LS 20,000.00$    1                  20,000.00$                 

11.2.2 Pilot study persulfate/peroxide chemicals lb 2.24$             27,888         62,469.12$                 Chemical cost. Assumes  15' ROI, fenceline approach, 8 injection locations, 1 depth per 
location. Vendor quote

11.2.3 Pilot study potable water supply delivery EA 300.00$         7.00             2,100.00$                   Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

11.2.4 Pilot study injection contractor crew and project 
management Day 5,000.00$      10.00           50,000.00$                 Vendor quote. Assumes 5560 gallons injected per day. 
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-8

11.2.5 Pilot study injection contractor mob/demob LS 5,000.00$      1                  5,000.00$                   Based on previous project experience. 

11.2.6 Pilot study oversight and construction monitoring HR 135.00$         150.00 20,250.00$                 Assumes one mid level engineer for each injection events (total of 122 days, 10 hours per 
day) and the pre-injection site setup (assume one 50 hour week per event).

11.2.7 Pilot study oversight travel & MIE Week 641.50$         3                  1,924.50$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
11.3 Pilot study post-treatment monitoring 4 rounds of post-injection monitoring

11.3.1 Pilot study performance monitoring sampling 
equipment rental LS 2,000.00$      4                  8,000.00$                   

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks for each event.  Costs based upon vendor rental quote.  Assume 1 pre-injection 
event followed by 3 post-injection/quarterly events per injection.

11.3.2 Pilot study performance monitoring disposable 
equipment costs EA 20.00$           40                800.00$                      Assume 10 locations per monitoring event (4 events total)

11.3.3 Pilot study performance monitoring event 
mobilization/demobilization - FOL HR 135.00$         16                2,160.00$                   Assume 4 hour round trip per event for 4 events for one mid level geologist.

11.3.4 Pilot study performance monitoring event 
mobilization/demobilization - samplers (2) HR 110.00$         32                3,520.00$                   Assume 4 hour round trip per event for 4 events for two samplers.

11.3.5 Pilot study performance monitoring sampling labor 
- FOL HR 135.00$         200              27,000.00$                 

Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 1 week per event; 4 events.

11.3.6 Pilot study performance monitoring sampling labor 
- samplers (2) HR 110.00$         400              44,000.00$                 Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 

per event (assume 4 events).  

11.3.7 Pilot study performance monitoring sampling 
travel and MIE Week 1,786.25$      4                  7,145.00$                   Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 

and fuel for a period of 1 week per event.

11.3.8 Pilot study performance monitoring analytical 
costs EA 150.00$         48                7,200.00$                   

Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, 
one blank and one Duplicate sample (12 samples per event; 4 events total); 1 hr per 
sample.

11.3.9 Pilot study performance monitoring data validation HR 110.00$         48                5,280.00$                   Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will be performing DV.

11.3.10 Pilot study report preparation LS 10,000.00$    1                  10,000.00$                 

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs 
associated with performance monitoring.  Includes additional evaluation of remedial 
success and comparison to remedial goals and reduction efficiency. One report per round 
of injection.

Subtotal 315,810.12$               

12.0 Installing injection points -  Plume Area
12.01 Contractor mobilization/demobilization LS 5,000.00$      1                  5,000.00$                   
12.02 Access LS 25,000.00$    1                  25,000.00$                 Securing access agreements as needed. 
12.03 Traffic control HR 75.00$           228              17,100.00$                 Assume traffic detail required for all plume area drilling. 

12.04 Drill and install overburden injection wells LF 115.00$         2,280           262,200.00$               
Overburden wells installed to an average depth 30 ft bgs (assume 2 depths at each 
location, one to 25' and one to 35'), 38 wells (with 2 depths each) located in plume area. 
Drilled using a sonic rig, vendor invoiced cost.

12.05 IDW Disposal EA 180.00$         108              19,440.00$                 Drill cuttings from wells (8" OD). Includes non-hazardous soil transport and disposal. 

12.06 Engineer oversight HR 135.00$         228              30,780.00$                 Assume drilling 75 ft/day based on mobilizations between locations and residential area 
drilling. 
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Alternative GW-8

12.07 Engineer oversight travel & MIE Week 641.50$         5                  3,207.50$                   GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 362,727.50$               

13.0 In-Situ Treatment - Plume Area
13.01 Site facilities and laydown areas LS 15,000.00$    1                  15,000.00$                 Based on previous project experience. 
13.02 Traffic control HR 75.00$           8,550           641,250.00$               Assume traffic detail required for all plume area injection activities. 
13.03 Injection contractor equipment LS 120,000.00$  1                  120,000.00$               

13.04 1st Injection - Persulfate/peroxide chemical cost lb 2.24$             264,936       593,456.64$               Chemical cost. Assumes  15' ROI, fenceline approach, 38 injection locations, 2 depths per 
location. Vendor quote

13.05 1st Injection - potable water supply delivery EA 300.00$         67                20,100.00$                 Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

13.06 1st Injection - Injection contractor crew and project 
management

Day 5,000.00$      90                450,000.00$               Vendor quote. Assumes 5560 gallons injected per day. 

13.07 1st Injection - injection contractor mob/demob LS 20,000.00$    1                  20,000.00$                 Based on previous project experience. 

13.08 1st Injection - oversight and construction 
monitoring

HR 135.00$         950.00 128,250.00$               Assumes one mid level engineer for each injection events (total of 122 days, 10 hours per 
day) and the pre-injection site setup (assume one 50 hour week per event).

13.09 1st Injection - oversight and construction 
monitoring travel & MIE

Week 641.50$         19                12,188.50$                 Includes the GSA per-diem  MIE for one engineer in Middlesex County, rental vehicle and 
fuel.

13.1 Second (2nd) injection (100%) LS 1,223,995$    1                  1,223,995.14$            Same details/costs as first injection. To be performed approximately 10 months after 
completion of first injection.

13.11 Third (3rd) injection (100%) LS 1,223,995$    1                  1,223,995.14$            Same details/costs as first injection. To be performed approximately 10 months after 
completion of second injection.

13.12 Fourth (4th) injection (100%) LS 1,223,995$    1                  1,223,995.14$            Same details/costs as first injection. To be performed approximately 10 months after 
completion of third injection.

13.13 Fifth (5th) injection (100%) LS 1,223,995$    1                  1,223,995.14$            Same details/costs as first injection. To be performed approximately 10 months after 
completion of fourth injection.

13.14 Sixth (6th) injection (100%) LS 1,223,995$    1                  1,223,995.14$            Same details/costs as first injection. To be performed approximately 10 months after 
completion of fifth injection.

13.15 Seventh (7th) injection (100%) LS 1,223,995$    1                  1,223,995.14$            Same details/costs as first injection. To be performed approximately 10 months after 
completion of sixth injection.

13.16 Eighth (8th) injection (100%) LS 1,223,995$    1                  1,223,995.14$            Same details/costs as first injection. To be performed approximately 10 months after 
completion of seventh injection.

13.17 Ninth (9th) injection (100%) LS 1,223,995$    1                  1,223,995.14$            Same details/costs as first injection. To be performed approximately 10 months after 
completion of eighth injection.

Subtotal 11,792,206.26$          
14.0  In-Situ Chemical Oxidation Injection Performance Monitoring  - Plume Area

First Injection (Assume monitoring at 100% of locations = 10 wells) Assume 1 pre-injection event and 2 post-injection/quarterly events for each injection.

14.01 1st Injection - performance monitoring sampling 
equipment rental

LS 2,000.00$      3                  6,000.00$                   

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for two 
weeks for each event.  Costs based on vendor rental quote.  Assume 1 pre-injection event 
followed by 3 post-injection/quarterly events for each injection.

14.02 1st Injection - performance monitoring Disposable 
equipment costs

EA 20.00$           30.00           600.00$                      Assume 10 locations per monitoring event (3 events total)

14.03 1st Injection - performance monitoring Event 
mobilization/demobilization - FOL

HR 135.00$         12.00           1,620.00$                   Assume 4 hour round trip per event for 3 events for one mid level geologist.
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Alternative GW-8

14.04 1st Injection - performance monitoring 
mobilization/demobilization - Samplers (2)

HR 110.00$         24.00           2,640.00$                   Assume 4 hour round trip per event for 3 events for two samplers.

14.05 1st Injection - performance monitoring sampling 
labor - FOL

HR 135.00$         150.00         20,250.00$                 
Labor hours assume 10 hours per day to oversee two samplers, manage and track 
analytical sample collection, collect samples as available, and conduct field audits. 
Assume 1 week per event; 3 events.

14.06 1st Injection - performance monitoring sampling 
labor - Samplers (2)

HR 110.00$         300.00         33,000.00$                 
Assume samples collected from 12 wells at 10 hours per day over one week (maximum), 
per event (assume 3 events).  Time required for QC sample collection not specifically 
included, but is likely negligible at this scale.

14.07 1st Injection - performance monitoring  sampling 
travel and MIE

Week 1,786.25$      3.00             5,358.75$                   Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles 
and fuel for a period of 1 week per event.

14.08 1st Injection - performance monitoring analytical 
costs

EA 150.00$         36.00           5,400.00$                   Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, 
one blank and one Duplicate sample (12 samples per event; 3 events total).

14.09 1st Injection - performance monitoring  data 
validation

HR 110.00$         100.00         11,000.00$                 Hours based on past experience of data validation requirements for Federal projects. 
Assumes a junior level scientist will perform DV.

14.10 1st Injection - performance monitoring  completion 
report preparation

LS 10,000.00$    1.00             10,000.00$                 

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs 
associated with performance monitoring.  Includes additional evaluation of remedial 
success and comparison to remedial goals and reduction efficiency. One report per round 
of injection.

14.11 Second (2nd) injection performance monitoring 
event LS 95,868.75$    1 95,868.75$                 Same details as performance monitoring following first injection. Assume 10 wells to be 

sampled. 

14.12 Third (3rd) injection performance monitoring event LS 95,868.75$    1                  95,868.75$                 Same details as performance monitoring following first injection. Assume 10 wells to be 
sampled. 

14.13 Fourth (4th) injection performance monitoring 
event LS 95,868.75$    1                  95,868.75$                 Same details as performance monitoring following first injection. Assume 10 wells to be 

sampled. 

14.14 Fifth (5th) injection performance monitoring event LS 95,868.75$    1                  95,868.75$                 Same details as performance monitoring following first injection. Assume 10 wells to be 
sampled. 

14.15 Sixth (6th) injection performance monitoring event LS 95,868.75$    1                  95,868.75$                 Same details as performance monitoring following first injection. Assume 10 wells to be 
sampled. 

14.16 Seventh (7th) injection performance monitoring 
event LS 95,868.75$    1                  95,868.75$                 Same details as performance monitoring following first injection. Assume 10 wells to be 

sampled. 

14.17 Eighth (8th) injection performance monitoring 
event LS 95,868.75$    1                  95,868.75$                 Same details as performance monitoring following first injection. Assume 10 wells to be 

sampled. 

14.18 Ninth (9th) injection performance monitoring event LS 95,868.75$    1                  95,868.75$                 Same details as performance monitoring following first injection. Assume 10 wells to be 
sampled. 

Subtotal 862,818.75$               
14.0 Monitoring Well Network Optimization
14.1 Drilling/Geophysics/Packer Testing

14.1.1 Drilling contractor mobilization/demobilization LS 1,000.00$      1 1,000.00$                   Previous project invoice

14.1.2 Drill and install overburden wells FT 115.00$         175 20,125.00$                 Assume 5 overburden monitoring wells; average depth of 35 ft bgs. Previous project 
invoice

14.1.3 Drill and install bedrock wells FT 171.74$         325 55,815.50$                 Assume 5 bedrock monitoring wells to an average depth of 65 ft bgs. Means 2005 Env 33 
23 1131

14.1.4 IDW Disposal - soil EA 180.00$         5 900.00$                      drill cuttings for 4" wells, assume non-hazardous 55 gallon drums
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14.1.5 IDW Disposal - water LS 2,000.00$      1 2,000.00$                   well development/decontamination water, assume non-hazardous, off-site disposal
14.1.6 well development - equipment Week 304.44$         4                  1,217.76$                   Assume 1/2 day per well. Means 2005 Env 33 23 1186
14.1.7 Borehole geophysics EA 3,090.00$      4                  12,360.00$                 Borehole geophysics in each bedrock borehole. Previous project invoice.
14.1.8 Packer testing - contractor DAY 4,000.00$      4                  16,000.00$                 Assume 3 testing intervals per day, 3 intervals per borehole. Vendor invoice.
14.1.9 Packer testing - equipment/supplies LS 3,000.00$      1                  3,000.00$                   Assume pumping, monitoring and H&S supplies + sample shipment

14.1.10 VOC groundwater analysis - packer EA 79.00$           12                948.00$                      Assume 3 samples per borehole x 20% QA/QC for VOCs
14.1.11 Hydraulic conductivity/slug tests DAY 1,000.00$      1                  1,000.00$                   Assume slug tests for 4 overburden wells (1 day)

14.2 Synoptic Sampling Round

14.2.1 Sampling equipment rental LS 5,000.00$      1                  5,000.00$                   
Sample 70 groundwater wells. Includes groundwater pumps, controllers, and compressed 
gas (3), water quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks for each event.  Costs based upon vendor rental quote.  

14.2.2 Disposable equipment costs EA 20.00$           77                1,540.00$                   Assume 70 wells, plus 10% extra.

14.2.3 LTM event mobilization/demobilization HR 110.00$         64                7,040.00$                   16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each LTM 
event will last 7 days (assuming 2.5 wells per  person per day)

14.2.4 Sampling labor - FOL HR 135.00$         70                9,450.00$                   Assume 7 days at 10 hr/day for 1 FOL
14.2.5 Sampling labor - samplers (3) HR 110.00$         210              23,100.00$                 Assume 7 days at 10 hr/day for 3 samplers. 
14.2.6 Sampling travel and MIE Week 641.50$         6                  3,849.00$                   Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
14.2.7 Analytical costs EA 266.00$         77                20,482.00$                 Assumes costs for VOC + SVOC analysis
14.2.8 Data validation EA 110.00$         77                8,470.00$                   Assume 1 hour per sample. 
14.2.9 Construction oversight travel & MIE Week 95,868.75$    8                  766,950.00$               GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

14.2.10 Engineer oversight HR 135.00$         355              47,925.00$                 Assume 100 ft/day for overburden drilling and 80 ft/day for bedrock drilling, monitoring well 
development, and borehole geophysics/packer testing. Mid-level engineer.

Subtotal 1,008,172.26$            
15.0 Off Site Disposal

15.01 POTW discharge cost CF 0.19$             2,108,021    395,464.81$               Assume 33.5 gpm for Nyacol/WAC plant. Annual cost, Ashland, MA sewer rates effective 
7/1/18

15.02 Decontamination water off-site disposal/discharge LS 25,000.00$    1 25,000.00$                 Engineer Estimate

15.03 NPDES permit sampling and analysis - permit 
application LS 25,000.00$    1 25,000.00$                 Engineer Estimate

15.04 Sampling equipment EA 50.00$           260              13,000.00$                 Assume daily sampling for VOCs, monthly for all other contaminants
15.05 Sampling labor HR 110.00$         520              57,200.00$                 Assume 2 hours per sample event (collecting grab samples from discharge)
15.06 Analytical costs - VOCs (daily sampling) EA 150.00$         520              78,000.00$                 Assume VOC analysis for all samples

15.07 Analytical costs - VOCs, SVOCs, PCB/Pesticides, 
Metals (monthly sampling) EA 500.00$         24                12,000.00$                 Assume 2 monthly samples submitted for full-suite of analyses

15.08 Data validation HR 110.00$         120              13,200.00$                 Assume 10 hours per month for data validation
15.09 Monthly report/permit preparation HR 135.00$         240              32,400.00$                 Assume 20 hours per month to prepare report

Subtotal 651,264.81$               
16.0  Institutional Controls
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16.01 Institutional Controls LS 30,000.00$    2                  60,000.00$                 Engineer Estimate. IC for Nyacol/WAC and Plume areas.
Subtotal 60,000.00$                 

17.0 Site Closeout
17.01 Site cleanup LS 20,000.00$    1                  20,000.00$                 Engineer Estimate

17.02 As-built survey ACRE 2,928.00$      20                58,560.00$                 Includes Nyacol/WAC and part of plume areas. Means 2017 HC, 02 21 13.09 0020 & 0100

Subtotal 78,560.00$                 
26,749,165.04$          

18.0 Other Costs
18.01 Project Management (5% of direct costs) 1,337,458.25$            OSWER 9355.0-75
18.02 Engineering and  Design (6% of direct costs) 1,604,949.90$            OSWER 9355.0-75
18.03 Construction Management (6% of direct costs) 1,604,949.90$            OSWER 9355.0-75
18.04 Location Adjustment (10%) 2,674,916.50$            MEANS 2017 HC City Cost Indexes
18.05 Health and Safety Monitoring - Level C (20% of direct costs) 5,349,833.01$            
18.06 Contingency (Scope 15%) 4,012,374.76$            OSWER 9355.0-75

16,584,482.33$          
TOTAL CAPITAL COST FOR GW-8 43,334,000$    

Notes:
1 Alternative GW-8: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat; Downgradient Plume AOC In-Situ Treatment
2 All RS Means Env costs are inflated by 20% from 2005 and assume Level C PPE 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS
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UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTES

OM1.1.01 Existing Extraction Wells (Annual Cost, Years 1-5)
OM.1.01 Labor/Travel LS 48,873.00$  1 48,873.00$    Current system O&M annual costs (2016-2018 average)

OM.1.02 Materials, supplies, equipment LS 3,170.00$    1 3,170.00$      Includes materials, supplies, equipment, signage, PPE, monitoring equipment, 
laboratory costs. Current system O&M annual cost. 

OM.1.03 Extracted DNAPL off-site disposal and transportation LS 6,600.00$    1 6,600.00$      Current system O&M annual cost. 
OM.1.04 Extraction well/pump repairs LS 848.00$       1 848.00$         Current system O&M annual cost. 
OM.1.05 System operation - nitrogen tanks and power LS 260.00$       1 260.00$         Current system O&M annual cost. 

Subtotal 59,751$         

OM1.2.01 Newly Installed DNAPL Recovery Wells (Monthly Cost, Years 1-5)

OM.1.2.01 Labor - pump-out DNAPL extraction wells HR 135.00$       40 5,400.00$      Assume 1 hr per well per month to inspect, gauge, and extract DNAPL using 
bailer or pump. 

OM.1.2.02 Materials, supplies, equipment EA 132.08$       40 5,283.33$      Includes materials, supplies, equipment, signage, PPE, monitoring equipment, 
laboratory costs for each well per month. 

OM.1.2.03 Extraction well repair LS 500.00$       1 500.00$         Assume $500 per month to repair extraction wells.
OM.1.2.04 Extracted DNAPL off-site disposal and transportation EA 275.00$       40 11,000.00$    Monthly disposal and transportation costs for each extraction well. 
OM.1.2.05 Engineer Travel Week 641.50$       1               641.50$         Car rental, gas, meals and incidentals for 1 staff for 5 days each month.

Subtotal 22,825$         

OM.2.01 Disposal of hazardous bulk waste (DNAPL) EA 300.00$       2 600$              Assume 2 drums of DNAPL/water mixture per year. Engineers estimate. 
OM.2.02 OWS pump & motor maintenance/repair EA 653.10$       1 653$              Annual repair/maintenance on oil water stripper. RS Means 33 41 0101
OM.2.03 Air stripper packing reconditioning EA 4,584.66$    1 4,585$           Recondition packing material one time per year. RS Means Env 33 13 0701
OM.2.04 Replace packing material EA 1,203.64$    1 1,204$           Assume 10% per year. Means 2005 Env 33 13 0738

OM.2.05 Blower and motor maintenance/repair EA 962.83$       1 963$              Annual repair/maintenance on air stripper blower. Means 2005 Env 33 41 0201

OM.2.06 Electricity for air stripper YR 6,310.23$    1 6,310$           
Assume $0.23/Kwh. 2018 Bureau of Labor Statistics 
(https://www.bls.gov/regions/new-england/news-
release/averageenergyprices_boston.htm)

OM.2.07 Non-routine O&M LS 20,000.00$  1 20,000$         Based on previous project cost data.

OM.2.08 GW Treatment building repairs and upkeep LS 3,000.00$    1 3,000$           Annual cost to apply to repairs to roof/siding, interior or exterior lighting, snow-
plowing services, or concrete repairs.

OM.2.09 Labor to operate groundwater treatment 
plant/collect samples HR 100.00$       2,080 208,000$       Annual labor

Subtotal 245,314$       

DESCRIPTION

Alternative GW-8

OM.2.0 Pump and Treat O&M

OM.1.0 DNAPL Extraction

NH-4537-2020 Nobis Group



Appendix E-5
Alternative GW-8 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 3

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTESDESCRIPTION

Alternative GW-8

OM.3.01 Sampling equipment EA 50.00$         260           13,000$         *assume daily sampling for VOCs, monthly for all other contaminants
OM.3.02 Sampling labor HR 120.00$       520           62,400$         Assume 2 hours per sample event (collecting grab samples from discharge)
OM.3.03 Analytical costs - VOCs EA 150.00$       520           78,000$          VOCs only 

OM.3.04 Analytical costs - VOCs, SVOCs, metals, 
PCB/Pesticides EA 500.00$       24             12,000$          Monthly sampling for all analyses (2 samples each month) 

OM.3.05 Data validation HR 120.00$       120           14,400$         Assume 10 hours per month for data validation

OM.3.06 Monthly report/permit preparation and submittal HR 120.00$       240           28,800$         Assume 20 hours per month to prepare report

Subtotal 208,600$       

OM.4.01 POTW discharge cost CF 0.19$           2,108,021 395,465$       

Subtotal 395,465$       

OM.5.01 Sampling equipment rental LS 5,000.00$    1 5,000$           

Includes groundwater pumps, controllers, and compressed gas (3), water quality 
monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) 
for two weeks for each event.  Costs based on vendor 
rental quote.  

OM.5.02 Disposable equipment costs EA 20.00$         77 1,540$           Assume 70 wells per each annual LTM event, plus 10% extra.

OM.5.03 LTM event mobilization/demobilization HR 100.00$       64 6,400$           
16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). 
Each LTM event will last a maximum of 7 days (assuming 2.5 wells per  person 
per day)

OM.5.04 Sampling labor - FOL HR 120.00$       70 8,400$           Assume 7 days at 10 hr/day for 1 FOL
OM.5.05 Sampling labor - samplers (3) HR 100.00$       210 21,000$         Assume 7 days at 10 hr/day for 3 samplers. 
OM.5.06 Sampling travel and MIE Week 641.50$       6 3,849$           
OM.5.07 Analytical costs EA 473.50$       84 39,774$         Assumes  costs for VOC, SVOC, Pesticides/PCB, and metals analysis. 
OM.5.08 Data validation EA 110.00$       84 9,240$           Assume 1 hour per sample. 
OM.5.09 LTM annual report LS 10,000.00$  1 10,000$         One report per annual LTM event

Subtotal 105,203$       

OM.6.01 Inspection (annual) LS 5,000.00$    1 5,000$           
OM.6.02 Deed Rrestriction reporting LS 25,000.00$  1 25,000$         

Subtotal 30,000$         

OM.6.0 Deed Restrictions

OM.5.0  Long-Term Monitoring (annual sampling)

OM.4.0  Off-Site Disposal

OM.3.0 NPDES Permit Sampling
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Appendix E-5
Alternative GW-8 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 3 of 3

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTESDESCRIPTION

Alternative GW-8

OM.7.01 Inspection (Every 5 years) LS 20,000.00$  1 20,000$         
OM.7.02 Periodic Inspection Report LS 30,000.00$  1 30,000$         

Subtotal 50,000$         

Notes:
1 Alternative GW-8: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat; Downgradient Plume AOC In-Situ Treatment

OM.7.0 Five Year Reviews
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Appendix E-5
Alternative GW-8 Cost Estimate - Present Value Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Year Capital O&M 5-Yr Review1 Total Discount Rate2 Present Value

0 $43,334,000 -$                     $0 $43,334,000 7.0% $43,334,000

1 $0 1,318,231$          $0 $1,318,231 7.0% $1,231,992

2 $0 1,318,231$          $0 $1,318,231 7.0% $1,151,394

3 $0 1,318,231$          $0 $1,318,231 7.0% $1,076,069

4 $0 1,318,231$          $0 $1,318,231 7.0% $1,005,672

5 $0 1,318,231$          $50,000 $1,368,231 7.0% $975,530

6 $0 984,582$             $0 $984,582 7.0% $656,069

7 $0 984,582$             $0 $984,582 7.0% $613,148

8 $0 984,582$             $0 $984,582 7.0% $573,036

9 $0 984,582$             $0 $984,582 7.0% $535,548

10 $0 984,582$             $50,000 $1,034,582 7.0% $525,929

11 $0 984,582$             $0 $984,582 7.0% $467,768

12 $0 984,582$             $0 $984,582 7.0% $437,166

13 $0 984,582$             $0 $984,582 7.0% $408,567

14 $0 984,582$             $0 $984,582 7.0% $381,838

15 $0 984,582$             $50,000 $1,034,582 7.0% $374,980

16 $0 984,582$             $0 $984,582 7.0% $333,512

17 $0 984,582$             $0 $984,582 7.0% $311,694

18 $0 984,582$             $0 $984,582 7.0% $291,302

19 $0 984,582$             $0 $984,582 7.0% $272,245

20 $0 984,582$             $50,000 $1,034,582 7.0% $267,356

21 $0 984,582$             $0 $984,582 7.0% $237,790

22 $0 984,582$             $0 $984,582 7.0% $222,233

23 $0 984,582$             $0 $984,582 7.0% $207,695

24 $0 984,582$             $0 $984,582 7.0% $194,107

25 $0 984,582$             $50,000 $1,034,582 7.0% $190,621

26 $0 984,582$             $0 $984,582 7.0% $169,541

27 $0 984,582$             $0 $984,582 7.0% $158,449

28 $0 984,582$             $0 $984,582 7.0% $148,083

29 $0 984,582$             $0 $984,582 7.0% $138,396

30 $0 984,582$             $50,000 $1,034,582 7.0% $135,910

TOTAL $43,334,000 $57,028,000

PV O&M $13,694,000

Notes: 

2 Discount rate of 7% per EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.
3 GW-8: Nyacol/WAC AOC In-Situ Treatment& Limited Pump and Treat; Downgradient Plume AOC In-Situ Treat
4 O&M = operations and maintenance

Alternative GW-8

1 Five-year reviews are estimated to cost $50,000 and are included in the Present Value O&M subtotal.

NH-4537-2020 Nobis Group
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Appendix E-6
Alternative GW-9 Cost Estimate Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

$39,919,000

$3,072,000

$42,991,000

Note:
1. Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

Alternative GW-9
Capital Costs

Present Value O&M Costs

Present Value Costs

NH-4537-2020 Nobis Group



Appendix E-6
Alternative GW-9 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 1 of 13

UNIT UNIT COST QUANTITY TOTAL COST SOURCE

1.0  Pre-Design Investigation
1.1 Mobilization/Demobilization

1.1.1 Equipment mobilization/demobilization LS 20,000.00$     1                 20,000.00$                Engineers estimate

1.1.2 Field Support LS 6,845.00$       1                 6,845.00$                  
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/discontinue electrical 
service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 hrs for senior 
project manager site visit.

1.1.3 Field support monthly costs MO 2,932.00$       8                 23,456.00$                Trailer rental @ $355/month. Conex rental @ $85/month,  rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

1.1.4 Clear and grub ACRE 7,150.00$       0.5              3,575.00$                  Means 2017 HC, G1010 120.0980, 1000
1.1.5 Railroad R.O.W. coordination costs HR 110.00$          100             11,000.00$                Engineers estimate
1.1.6 Access LS 5,000.00$       1                 5,000.00$                  Securing access agreements as needed with property owners

1.1.7 Decontamination facilities EA 10,455.00$     1                 10,455.00$                 Means 2017 HC, 32 11 23.23 0100; Means 2017 HC, 31 22 16.10 3100; Vendor Quotes

1.2 PDI - Surveys
1.2.1 Utility Survey contractor - Nyacol/WAC EA 3,000.00$       2                 6,000.00$                  Engineer's estimate; previous survey bids
1.2.2 Wetland survey contractor LS 2,000.00$       1                 2,000.00$                  Engineer estimate, historic costs
1.2.3 Nyacol/WAC feature survey ACRE 2,928.00$       8                 23,424.00$                Means 2017 HC, 02 21 13.09 0020 & 0100

1.2.4 Field oversight HR 135.00$          48               6,480.00$                  2x10-hr days utility survey, 1x10-hr day wetland survey, 1x10-hr day feature, plus travel time (2 
hours per day)

1.2.5 Oversight travel & MIE Week 641.50$          1                 641.50$                     GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
1.3 PDI - DNAPL Investigation

1.3.1 Phase I
1.3.1.1 Drilling mobilization LS 1,900.00$       1                 1,900.00$                  Vendor quote for similar previous work
1.3.1.2 NAPL profiling DAY 3,600.00$       10               36,000.00$                DyeLIF: 60 locations, avg. 30'/location and 200'/day = 10 days
1.3.1.3 VOC/hydraulic profiling DAY 3,600.00$       15               54,000.00$                MiHPT: 100 locations, avg. 30'/location and 200'/day = 15 days
1.3.1.4 Groundwater profiling - rig DAY 3,800.00$       15               57,000.00$                10 samples/location x 15 locations = 150 samples. 10 samples/day = 15 days
1.3.1.5 Groundwater profiling - samples EA 266.00$          180             47,880.00$                150 samples + 20% QA/QC
1.3.1.6 Supplies LS 6,000.00$       1                 6,000.00$                  bottleware + misc. supplies + shipping costs
1.3.1.7 Field oversight HR 135.00$          250             33,750.00$                10 hrs/day x 25 days = 250 hr
1.3.1.8 Field equipment DAY 150.00$          25               3,750.00$                  Per-day equipment rentals
1.3.1.9 Oversight travel & MIE Week 641.50$          5                 3,207.50$                  GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

1.3.2 Phase II

1.3.2.1 Rotosonic drilling and well installation LF 115.00$          1,200          138,000.00$              Drilled using a sonic rig, vendor invoiced cost. 30 boreholes x 40 ft. Install 2" DNAPL recovery 
wells.

1.3.2.2 Rock coring - surface casing + bedrock drilling LF 125.00$          560             70,000.00$                

1.3.2.3 Matrix diffusion evaluation - core collection and 
evaluation DAY 4,232.00$       7                 29,624.00$                

1.3.2.4 Matrix diffusion analysis EA 190.00$          140             26,600.00$                3 boreholes shallow bedrock, 2 cored in downgradient of landfill area, 2 cores in other areas 
TBD. Assume 20 samples per core.

DESCRIPTION

Alternative GW-9

3 boreholes shallow bedrock (~40 ft bgs), 2 cored in downgradient of landfill area (~100 ft bgs), 
2 cores in other areas TBD (~60 ft bgs). Assume average 50 feet of cored bedrock per 
borehole at a rate of 50 ft/day.

NH-4537-2020 Nobis Group



Appendix E-6
Alternative GW-9 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 2 of 13

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-9

1.3.2.4 Cored bedrock physical properties analysis EA 515.00$          14               7,210.00$                  Assume 2 samples per core.

1.3.2.5 Soil sample analysis EA 400.00$          288             115,200.00$              Analysis for VOC, SVOC, and physical properties (TOC, etc.). Assume 1 soil sample per 5 ft of 
soil boring plus 20% QC. 

1.3.2.6 IDW disposal EA 180.00$          57               10,254.16$                Drill cuttings from boreholes (8" OD). Assumes 55 gallon drums.
1.3.2.7 Engineer oversight HR 135.00$          190             25,650.00$                Field oversight for drilling and rock coring; collect soil samples. 
1.3.2.8 Oversight travel & MIE Week 641.50$          4                 2,566.00$                  GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

1.4

1.4.1 Drill and install overburden wells LF 115.00$          163             18,745.00$                Six overburden wells installed to an average depth 23 ft bgs for shallow OB and 35 ft bgs for 
deep OB. Drilled using a sonic rig, vendor invoiced cost.

1.4.2 Drill and install bedrock wells LF 175.00$          544             95,200.00$                9 Bedrock wells installed to an average depth of 45 ft bgs for shallow bedrock and 60 ft bgs for 
deep bedrock. Drilled using an air rotary drill rig.

1.4.3 Hydraulic conductivity/slug tests DAY 1,000.00$       2                 2,000.00$                  Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests per 
day. Means 2005 Env 33 02 0405.

1.4.3 Borehole geophysics EA 3,090.00$       5                 15,450.00$                Deep bedrock only (assume 5 deep bedrock boreholes). Former project invoice. 
1.4.4 Packer testing - contractor DAY 4,000.00$       5                 20,000.00$                Assume 3 testing intervals per day, 3 intervals per borehole
1.4.5 Packer testing - equipment/supplies LS 2,500.00$       1                 2,500.00$                  Assume pumping, monitoring and H&S supplies + sample shipment
1.4.6 VOC groundwater analysis - packer EA 79.00$            18               1,422.00$                  Assume 15 samples x 20% QA/QC for VOCs

1.4.7 Sampling equipment rental LS 5,000.00$       1                 5,000.00$                  
Sample 65 wells. Includes groundwater pumps, controllers, and compressed gas (3), water 
quality monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for 
two weeks for each event.  From vendor rental quote.  

1.4.8 Disposable equipment costs EA 20.00$            72               1,440.00$                  Assume 65 wells plus 10% extra.

1.4.9 Sampling event mobilization/demobilization HR 110.00$          64               7,040.00$                  16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each event 
will last a maximum of 7 days (assuming 2.5 wells per  person per day)

1.4.10 Sampling labor - FOL HR 135.00$          70               9,450.00$                  Assume 7 days at 10 hr/day for 1 FOL
1.4.11 Sampling labor - samplers (3) HR 110.00$          210             23,100.00$                Assume 7 days at 10 hr/day for 3 samplers. 
1.4.12 Sampling travel and MIE Week 641.50$          6                 3,849.00$                  Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
1.4.13 Analytical costs EA 266.00$          65               17,290.00$                Assumes costs for VOC + SVOC analysis
1.4.14 Data validation EA 110.00$          72               7,920.00$                  Assume 1 hour per sample. 

1.5 PDI - DNAPL/ISCO Pilot study

1.5.1 DNAPL characterization samples ea 290.70$          36               10,465.20$                20 samples x 20% QA/QC; VOC, SVOC, fingerprint analysis. Previous project invoice.

1.5.2 Hydraulic fracturing pilot test LS 21,500.00$     1                 21,500.00$                Assume 2 locations (1 overburden with significant silt and 1 bedrock)
1.5.3 Hydraulic fracturing structural evaluation LS 10,000.00$     1                 10,000.00$                Assume structural evaluation needed for nearby facilities
1.5.4 ISCO Pilot study LS 100,000.00$   1                 100,000.00$              Assume 6 months for combination ISCO/DNAPL extraction pilot studies
1.5.5 IDW tank day 60.00$            60 3,600.00$                  21,000-Gal Frac Tank Rental
1.5.6 IDW disposal gal 10.00$            3,000          30,000.00$                $10/gallon vac truck; 100 gallons/well x 30 extraction wells
1.5.7 Pumping equipment/supplies day 500.00$          15 7,500.00$                  3 weeks fieldwork; per-day equipment (vehicle, rental, equipment)
1.5.8 Engineer oversight HR 135.00$          300             40,500.00$                Assume 15 days fieldwork over 2 months for 2 staff
1.5.9 Engineer oversight travel Week 641.50$          8                 5,132.00$                  Car rental, gas, meals and incidentals for 2 staff for 4 weeks each.

1.6 PDI - Plume Groundwater Investigation

PDI - Nyacol/WAC Groundwater Evaluation
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Appendix E-6
Alternative GW-9 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 3 of 13

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-9

1.6.1 Drill and install overburden wells LF 115.00$          800             92,000.00$                20 overburden wells installed to an average depth 40 ft bgs. Drilled using a sonic rig, vendor 
invoiced cost.

1.6.2 Drill and install bedrock wells LF 175.00$          500             87,500.00$                5 Bedrock wells installed to an average depth of 100 ft bgs. Drilled using an air rotary drill rig.

1.6.3 Drilling oversight - engineer HR 135.00$          143             19,237.50$                Assume 100 ft/d for overburden and 80 ft/d for bedrock drilling. 

1.6.4 Soil Sampling Analysis EA 300.00$          192             57,600.00$                Samples to be analyzed for VOCs, SVOCs, soil oxidant demand, and physical characteristics. 
Assume 1 sample for every 5 feet of overburden drilling, plus 20% for QC. 

1.6.5 Soil - Data validation EA 110.00$          192             21,120.00$                Assume 1 hour per sample. 

1.6.6 Hydraulic conductivity/slug tests DAY 1,000.00$       2                 2,000.00$                  Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests per 
day. Means 2005 Env 33 02 0405.

1.6.7 Borehole geophysics EA 3,090.00$       4                 12,360.00$                Deep bedrock only (assume 4 deep bedrock boreholes). Former project invoice. 
1.6.8 Packer testing - contractor DAY 4,000.00$       4                 16,000.00$                Assume 3 testing intervals per day, 3 intervals per borehole
1.6.9 Packer testing - equipment/supplies LS 2,500.00$       1                 2,500.00$                  Assume pumping, monitoring and H&S supplies + sample shipment

1.6.10 VOC groundwater analysis - packer EA 79.00$            14               1,137.60$                  Assume 3 samples per bedrock borehole x 20% QA/QC for VOCs

1.6.11 GW Sampling equipment rental LS 5,000.00$       1                 5,000.00$                  
Sample 55 wells. Includes groundwater pumps, controllers, and compressed gas (3), water 
quality monitoring instruments (3), water level indicators (3), air-monitoring instrument (1) for 
two weeks for each event.  From vendor rental quote.  

1.6.12 Disposable equipment costs EA 20.00$            61               1,220.00$                  Assume 55 wells plus 10% extra.

1.6.13 GW Sampling event mobilization/demobilization HR 110.00$          64               7,040.00$                  16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each event 
will last 5 days (assuming 2.5 wells per  person per day)

1.6.14 GW Sampling labor - FOL HR 135.00$          50               6,750.00$                  Assume 5 days at 10 hr/day for 1 FOL
1.6.15 GW Sampling labor - samplers (3) HR 110.00$          150             16,500.00$                Assume 5 days at 10 hr/day for 3 samplers. 
1.6.16 GW Sampling travel and MIE Week 641.50$          4                 2,566.00$                  Car rental, gas, meals and incidentals for 4 samplers for 5 days each.
1.6.17 GW - Analytical costs EA 115.00$          60               6,900.00$                  Assumes  costs for VOC analysis only.
1.6.18 GW - Data validation EA 135.00$          60               8,100.00$                  Assume 1 hour per sample. 

1.6.19 Groundwater profiling - DPT drill rig DAY 3,998.00$       10               39,980.00$                Three profile lines with 5 locations each, total of 15 groundwater profile points. Samples 
collected every 2 feet (assume 10 samples per point). Vendor quote for similar previous work

1.6.20 Groundwater profiling - sample analysis EA 350.00$          150             52,500.00$                VOCs and SVOCs
1.6.21 Disposable equipment costs EA 20.00$            150             3,000.00$                  
1.6.22 GW profiling labor - samplers (1) HR 110.00$          100             11,000.00$                
1.6.23 GW profiling travel and MIE Week 641.50$          2                 1,283.00$                  Car rental, gas, meals and incidentals for 1 sampler for 10 days.

Subtotal 1,719,865.46$           
2.0 Remedy Mobilization/Demobilization

2.01 Equipment mobilization/demobilization LS 20,000.00$     1                 20,000.00$                See Appendix Costing Assumptions

2.02 Field support LS 6,845.00$       1                 6,845.00$                  
Office trailer mobilization @ $1,295. Conex Mobilization @ $350. Provide/ discontinue 
electrical service to job trailer @ $2,000. Dumpster mobilization @ $320. Assumes 16 hrs for 
senior project manager site visit.

2.03 Field support monthly costs MO 2,932.00$       71               208,818.99$              Trailer rental @ $355/month. Conex rental @ $85/month,  rolloff Dumpster rental @ 
$530/week, Portable Toilet @ $107/month. 

Subtotal 235,663.99$              
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Appendix E-6
Alternative GW-9 Cost Estimate - Capital Costs
Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
Page 4 of 13

UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-9

3.0 Remedy Site Preparation

3.01 Install fence and signage LF 19.45$            400             7,780.00$                  Fence/signage around treatment building area. Means 2017 HC, 32 31 13.25 0100

3.02 Clear and grub ACRE 7,150.00$       0.5              3,575.00$                  Means 2017 HC, G1010 120.0980, 1000
3.03 Establish utilities LS 800.00$          1                 800.00$                     See Appendix Costing Assumptions
3.04 Railroad R.O.W. coordination costs HR 110.00$          100             11,000.00$                Engineers estimate
3.05 Access LS 5,000.00$       1                 5,000.00$                  Securing access agreements as needed with property owners

3.06 Decontamination facilities EA 10,455.00$     1                 10,455.00$                 Means 2017 HC, 32 11 23.23 0100; Means 2017 HC, 31 22 16.10 3100; Vendor Quotes

Subtotal 38,610.00$                
4.0 DNAPL extraction

4.01 Convert PDI wells to DNAPL extraction wells EA 10,000.00$     5                 50,000.00$                Includes cost for pump, wiring, piping, etc. Assume up to 5 PDI wells will be converted to 
extraction wells.

4.02 Optimize existing DNAPL extraction LS 10,000.00$     1                 10,000.00$                Includes cleaning and repairing existing well screens and testing existing pumps. Assumes 5 
days of work plus materials. 

4.03 Drill and install overburden wells LF 115.00$          300             34,500.00$                Overburden wells installed to an average depth 30 ft bgs, 10 wells located in Nyacol/WAC 
area. Drilled using a sonic rig, vendor invoiced cost.

4.04 Drill and Install Bedrock wells LF 175.00$          450             78,750.00$                10 Bedrock wells located in Nyacol/WAC  area installed to an average depth of 45 ft bgs. 
Drilled using an air rotary drill rig.

4.05 Hydraulic fracturing LS 1,750.00$       1                 875,000.00$              Assume costs for pilot testing x 10 for full-scale DNAPL recovery enhancement

4.06 Drilling oversight - engineer HR 135.00$          57               200.00$                     5 days DNAPL extraction well conversion/optimization, 10 days drilling, 5 days hydraulic 
fracturing oversight x 10-hr day

4.07 Oversight Travel & MIE Week 641.50$          2                 1,283.00$                  GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 1,049,733.00$           

5.0
5.01 Contractor mobilization/demobilization LS 5,000.00$       1                 5,000.00$                  

5.02 Evaluate required distribution/spacing of 
injection wells HR 135.00$          40               5,400.00$                  

5.03 Access LS 5,000.00$       1                 5,000.00$                  Secure access agreements as needed; additional coordinating with railroad ROW. 

5.04 Drill and install overburden injection wells LF 115.00$          2,100          241,500.00$              
Overburden wells installed to an average depth 30 ft bgs (assume 2 depths at each location, to 
20' and to 40'), 35 wells (with 2 depths each) located in Nyacol/WAC portion of source area. 
Vendor invoiced cost for sonic rig.

5.05 Drill and install overburden injection wells - 
directional wells LF 190.00$          720             136,800.00$              

Overburden wells installed to 30 ft bgs (assume 2 depths at each location, one to 20' and one 
to 40'), 12 directional wells (with 2 depths each) located in Nyacol/WAC portion of source area. 
Vendor invoiced cost for sonic rig.

5.06 Drill and install bedrock injection wells LF 175.00$          1,785          312,375.00$              
13 Bedrock wells located in Nyacol/WAC portion of source area installed to 45 ft bgs, 12 
bedrock wells located downgradient of landfill to 100 ft bgs; for a total of 25 new bedrock 
injection wells. Air rotary drilling.

5.07 Drill and install bedrock injection wells - 
directional wells LF 290.00$          540             156,600.00$              12 directional bedrock wells installed to 45 ft bgs  located in Nyacol/WAC portion of source 

area along/under the railroad ROW. Air rotary drilling.

Installing injection points -  Nyacol/WAC Area
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Alternative GW-9

5.08 Drill and install overburden injection wells - 
limited access LF 172.50$          120             20,700.00$                

Overburden wells installed to 30 ft bgs (assume 2 depths per location, one to 20' and one to 
40'), 2 wells (with 2 depths each) in Nyacol/WAC portion of source area. Drilled using a sonic 
rig, vendor invoiced cost plus 50% for limited access.

5.09 Drill and install bedrock injection wells - limited 
access LF 262.50$          245             64,312.50$                

1 Bedrock wells located in Nyacol/WAC portion of source area installed to 45 ft bgs, 2 bedrock 
wells downgradient of landfill drilled to 100 ft bgs. 50% price increase for limited access. Air 
rotary drilling

5.10 Borehole geophysics EA 3,090.00$       40 123,600.00$              Borehole geophysics in each bedrock borehole to assess depth specific aquifer hydraulic 
properties. Previous project invoice.

5.11 Packer testing - contractor DAY 4,000.00$       40               160,000.00$              Assume 3 testing intervals per day, 3 intervals per borehole. Vendor invoice.
5.12 Packer testing - equipment/supplies LS 3,000.00$       1                 3,000.00$                  Assume pumping, monitoring and H&S supplies + sample shipment
5.13 VOC groundwater analysis - packer EA 79.00$            144             11,376.00$                Assume 3 samples per bedrock borehole x 20% QA/QC for VOCs

5.14 Hydraulic conductivity/slug tests DAY 1,000.00$       2                 2,000.00$                  Assume 10 overburden wells to undergo hydraulic conductivity testing, complete 5 tests per 
day. Means 2005 Env 33 02 0405.

5.15 IDW disposal EA 180.00$          262             47,160.00$                Drill cuttings from wells (8" OD). Includes non-hazardous soil transport and disposal.
5.16 Engineer oversight HR 135.00$          751             101,337.75$              Oversight of drilling, packer testing, geophysics, and well installation.
5.17 Engineer oversight travel & MIE Week 641.50$          15               9,630.84$                  GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

Subtotal 1,405,792.09$           
6.0 In-Situ Treatment - Nyacol/WAC Area

6.01 Site facilities and laydown areas LS 15,000.00$     1                 15,000.00$                Based on previous project experience. 
6.02 Traffic control HR 75.00$            -              -$                          No traffic control anticipated for this area
6.03 Injection contractor equipment LS 120,000.00$   1                 120,000.00$              

First Injection (100%)

6.04 Persulfate & Peroxide - Nyacol/WAC Area lb 2.24$              351,373      787,076.42$              Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.05 Treatment chemicals- Landfill Area/bedrock LS 4,741.60$       1                 4,741.60$                  Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.06 Potable water supply delivery EA 300.00$          94.77          28,429.98$                Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

6.07 Injection contractor crew and project 
management Day 5,000.00$       122             610,000.00$              Vendor quote. Assumes 122 days to inject. 

6.08 Injection contractor mob/demob LS 20,000.00$     1                 20,000.00$                Based on previous project experience. 

6.09 Oversight and construction monitoring HR 135.00$          1270.00 171,450.00$              Assumes one mid level engineer for each injection events (total of 122 days, 10 hours per day) 
and pre-injection site setup (assume one 50 hour week per event).

6.10 Oversight travel & MIE Week 641.50$          24               15,652.60$                GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Second Injection (100%)

6.11 Persulfate & Peroxide - Nyacol/WAC Area lb 2.24$              351,373      787,076.42$              Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote
6.12 Treatment chemicals- Landfill Area/bedrock LS 4,741.60$       1                 4,741.60$                  Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.
6.13 Potable water supply delivery EA 300.00$          94.77          28,429.98$                Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

6.14 Injection contractor crew and project 
management Day 5,000.00$       122             610,000.00$              Vendor quote. Assumes 122 days to inject. 

6.15 Injection contractor mob/demob LS 20,000.00$     1                 20,000.00$                Based on previous project experience. 

6.16 Oversight and construction monitoring HR 135.00$          1270.00 171,450.00$              Assumes one mid level engineer for each injection event (total of 122 days, 10 hours/day) and 
the pre-injection site setup (assume one 50 hour week per event).

6.17 Oversight travel & MIE Week 641.50$          24               15,652.60$                GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Third Injection (50%)
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Alternative GW-9

6.18 Persulfate & Peroxide - Nyacol/WAC Area lb 2.24$              175,687      393,538.21$              Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote

6.19 Treatment chemicals- Landfill Area/bedrock LS 2,370.80$       1                 2,370.80$                  Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.

6.20 Potable water supply delivery EA 300.00$          47               14,214.99$                Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

6.21 Injection contractor crew and project 
management Day 5,000.00$       61               305,000.00$              Vendor quote. Assumes 61 days to inject. 

6.22 Injection contractor mob/demob LS 20,000.00$     1                 20,000.00$                Based on previous project experience. 

6.23 Oversight and construction monitoring HR 135.00$          660.00 89,100.00$                Assumes one mid level engineer for each injection events (total of 61 days, 10 hours/day) and 
the pre-injection site setup (assume one 50 hour week per event).

6.24 Oversight and construction monitoring travel & 
MIE Week 641.50$          12               7,826.30$                  Includes the GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

Fourth Injection (50%)

6.25 Persulfate & Peroxide - Nyacol/WAC Area lb 2.24$              175,687      393,538.21$              Chemical cost. Assumes 30' grid, 18' ROI. Vendor quote

6.26 Treatment chemicals- Landfill Area/bedrock LS 2,370.80$       1                 2,370.80$                  Chemical cost for bedrock/landfill area treatment. Assumes 30' grid, 15' ROI.

6.27 Potable water supply delivery EA 300.00$          47               14,214.99$                Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

6.28 Injection contractor crew and project 
management Day 5,000.00$       61               305,000.00$              Vendor quote. Assumes 61 days to inject. 

6.29 Injection contractor mob/demob LS 20,000.00$     1                 20,000.00$                Based on previous project experience. 

6.30 Oversight and construction monitoring HR 135.00$          660.00 89,100.00$                Assumes one mid level engineer for each injection events (total of 61 days, 10 hours/day) and 
the pre-injection site setup (assume one 50 hour week per event).

6.31 Oversight travel & MIE Week 641.50$          12               7,826.30$                  GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 5,073,801.80$           

7.0  In-Situ Chemical Oxidation Injection Performance monitoring  - Nyacol/WAC Area
Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.01 Performance monitoring sampling equipment 
rental LS 2,500.00$       4                 10,000.00$                

Includes groundwater pumps, controllers, and compressed gas (3), water quality monitoring 
instruments (3), water level indicators (3), air-monitoring instrument (1) for two weeks per 
event.  Costs based on vendor rental quote. 

7.02 Performance monitoring disposable equipment 
costs EA 20.00$            48.00          960.00$                     Assume 12 locations per monitoring event (4 events total)

7.03 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$          16.00          2,160.00$                  Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.04 Performance monitoring event 
Mobilization/Demobilization - Samplers (2) HR 110.00$          32.00          3,520.00$                  Assume 4 hour round trip per event for 4 events for two samplers.

7.05 Performance monitoring sampling labor - FOL HR 135.00$          200.00        27,000.00$                
Labor hours assume 10 hours per day to oversee two samplers, manage and track analytical 
sample collection, collect samples as available, and conduct field audits. Assume 1 week per 
event; 4 events.

7.06 Performance monitoring sampling labor - 
Samplers (2) HR 110.00$          400.00        44,000.00$                

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), per 
event (assume 4 events).  Time required for QC sample collection not specifically included, but 
is likely negligible at this scale.

7.07 Performance monitoring  sampling travel and 
MIE Week 1,786.25$       4.00            7,145.00$                  Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles and 

fuel for 1 week per event.

7.08 Performance monitoring analytical costs EA 150.00$          60.00          9,000.00$                  Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, one 
blank and one Duplicate sample (15 samples per event; 4 events total).

First Injection (Assume monitoring at 100% of locations = 12 wells)
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Alternative GW-9

7.09 Performance monitoring data validation HR 110.00$          120.00        13,200.00$                Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.10 Performance monitoring completion report 
preparation LS 10,000.00$     1.00            10,000.00$                

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs associated 
with Performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

Second Injection (Assume monitoring at 100% of locations = 12 wells) Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.11 Performance monitoring sampling equipment 
rental LS 2,500.00$       4                 10,000.00$                

Includes groundwater pumps, controllers, and compressed gas (3), water quality monitoring 
instruments (3), water level indicators (3), air-monitoring instrument (1) for two weeks for each 
event.  Costs based upon vendor rental quote. Assume 1 pre-injection event followed by 3 post-
injection/quarterly events for each injection.

7.12 Performance monitoring disposable equipment 
costs EA 20.00$            48.00          960.00$                     Assume 12 locations per monitoring event (4 events total)

7.13 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$          16.00          2,160.00$                  Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.14 Performance monitoring event 
Mobilization/Demobilization - Samplers (2) HR 110.00$          32.00          3,520.00$                  Assume 4 hour round trip per event for 4 events for two samplers.

7.15 Performance monitoring sampling labor - FOL HR 135.00$          200.00        27,000.00$                
Labor hours assume 10 hours per day to oversee two samplers, manage and track analytical 
sample collection, collect samples as available, and conduct field audits. Assume 1 week per 
event; 4 events.

7.16 Performance monitoring sampling labor - 
Samplers (2) HR 110.00$          400.00        44,000.00$                

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), per 
event (assume 4 events).  Time required for QC sample collection not specifically included, but 
is likely negligible at this scale.

7.17 Performance monitoring  sampling travel and 
MIE Week 1,786.25$       4.00            7,145.00$                  Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles and 

fuel for a period of 1 week per event.

7.18 Performance monitoring analytical costs EA 150.00$          60.00          9,000.00$                  Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, one 
blank and one Duplicate sample (15 samples per event; 4 events total).

7.19 Performance monitoring data validation HR 110.00$          120.00        13,200.00$                Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.2 Performance monitoring completion report 
preparation LS 10,000.00$     1.00            10,000.00$                

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs associated 
with Performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

Third Injection (Assume monitoring at 100% of locations = 12 wells) Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.21 Performance monitoring sampling equipment 
rental LS 2,500.00$       4                 10,000.00$                

Includes groundwater pumps, controllers, and compressed gas (3), water quality monitoring 
instruments (3), water level indicators (3), air-monitoring instrument (1) for two weeks for each 
event.  Costs based upon vendor rental quote. Assume 1 pre-injection event followed by 3 post-
injection/quarterly events for each injection.

7.22 Performance monitoring disposable equipment 
costs EA 20.00$            48.00          960.00$                     Assume 12 locations per monitoring event (4 events total)

7.23 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$          16.00          2,160.00$                  Assume 4 hour round trip per event for 4 events for one mid level geologist.
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7.24 Performance monitoring event 
Mobilization/Demobilization - Samplers (2) HR 110.00$          32.00          3,520.00$                  Assume 4 hour round trip per event for 4 events for two samplers.

7.25 Performance monitoring sampling labor - FOL HR 135.00$          200.00        27,000.00$                
Labor hours assume 10 hours per day to oversee two samplers, manage and track analytical 
sample collection, collect samples as available, and conduct field audits. Assume 1 week per 
event; 4 events.

7.26 Performance monitoring sampling labor - 
Samplers (2) HR 110.00$          400.00        44,000.00$                

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), per 
event (assume 4 events).  Time required for QC sample collection not specifically included, but 
is likely negligible at this scale.

7.27 Performance monitoring  sampling travel and 
MIE Week 1,786.25$       4.00            7,145.00$                  Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles and 

fuel for a period of 1 week per event.

7.28 Performance monitoring analytical costs EA 150.00$          60.00          9,000.00$                  Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, one 
blank and one Duplicate sample (15 samples per event; 4 events total).

7.29 Performance monitoring data validation HR 110.00$          120.00        13,200.00$                Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.

7.30 Performance monitoring completion report 
preparation LS 10,000.00$     1.00            10,000.00$                

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs associated 
with Performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

Fourth Injection (Assume monitoring at 75% of locations = 9 wells) Assume 1 pre-injection event followed by 3 post-injection/quarterly events.

7.31 Performance monitoring sampling equipment 
rental LS 2,500.00$       4                 10,000.00$                

Includes groundwater pumps, controllers, and compressed gas (3), water quality monitoring 
instruments (3), water level indicators (3), air-monitoring instrument (1) for two weeks for each 
event.  Costs based upon vendor rental quote. Assume 1 pre-injection event followed by 3 post-
injection/quarterly events for each injection.

7.32 Performance monitoring disposable equipment 
costs EA 20.00$            36.00          720.00$                     Assume 9 locations per monitoring event (4 events total)

7.33 Performance monitoring event 
mobilization/demobilization - FOL HR 135.00$          16.00          2,160.00$                  Assume 4 hour round trip per event for 4 events for one mid level geologist.

7.34 Performance monitoring event 
Mobilization/Demobilization - Samplers (2) HR 110.00$          32.00          3,520.00$                  Assume 4 hour round trip per event for 4 events for two samplers.

7.35 Performance monitoring sampling labor - FOL HR 135.00$          160.00        21,600.00$                
Labor hours assume 10 hours per day to oversee two samplers, manage and track analytical 
sample collection, collect samples as available, and conduct field audits. Assume 4 days per 
event; 4 events.

7.36 Performance monitoring sampling labor - 
Samplers (2) HR 110.00$          320.00        35,200.00$                

Assume samples collected from 12 wells at 10 hours per day over 4 days (maximum), per 
event (assume 4 events).  Time required for QC sample collection not specifically included, but 
is likely negligible at this scale.

7.37 Performance monitoring  sampling travel and 
MIE Week 1,786.25$       4.00            7,145.00$                  Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles and 

fuel for a period of 1 week per event.

7.38 Performance monitoring analytical costs EA 150.00$          48.00          7,200.00$                  Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, one 
blank and one Duplicate sample (12 samples per event; 4 events total).

7.39 Performance monitoring data validation HR 110.00$          100.00        11,000.00$                Number of hours based on past experience of data validation requirements for Federal 
projects. Assumes a junior level scientist will perform DV.
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7.40 Performance monitoring completion report 
preparation LS 10,000.00$     1.00            10,000.00$                

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs associated 
with Performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

Subtotal 489,500.00$              
8.0 Installing injection points -  Plume Area

8.01 Contractor mobilization/demobilization LS 5,000.00$       1                 5,000.00$                  

8.02 Evaluate required distribution/spacing of 
injection wells HR 135.00$          40               5,400.00$                  

8.03 Access LS 25,000.00$     1                 25,000.00$                Securing access agreements as needed. 
8.04 Traffic control HR 75.00$            304             22,800.00$                Assume traffic detail required for all plume area drilling. 

8.05 Drill and install overburden injection wells LF 115.00$          2,280          262,200.00$              
Overburden wells installed to an average depth 30 ft bgs (assume 2 depths at each location, 
one to 25' and one to 35'), 38 wells (with 2 depths each) located in the plume area. Drilled 
using a sonic rig, vendor invoiced cost.

8.06 IDW disposal EA 180.00$          1,299.00     233,820.00$              Drill cuttings from wells (8" OD). Includes transport and disposal of non-hazardous soil 
disposal. 

8.07 Engineer oversight HR 135.00$          304.00        41,040.00$                Assume drilling 75 ft/day based on mobilizations between locations and residential area drilling. 

8.08 Engineer oversight travel & MIE Week 641.50$          7                 4,490.50$                  GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.
Subtotal 599,750.50$              

9.0 Plume In-situ treatment Pilot study

9.1 Install injection points

9.1.1 Install overburden injection points LF 115.00$          280             32,200.00$                Assume 4 locations with 2 wells each (1 shallow OB, 1 deep OB) with an average depth of 35 
ft bgs. Installed using sonic rig, vendor invoiced cost. 

9.1.2 IDW Disposal EA 180.00$          13               2,340.00$                  Drill cuttings from wells (8" OD). Includes non-hazardous soil transport and disposal. 
9.1.3 Engineer oversight HR 135.00$          28               3,780.00$                  Assume drilling 100 ft/day
9.1.4 Engineer oversight travel & MIE Week 641.50$          1                 641.50$                     GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

9.2 Pilot Study ISCO Injection
9.2.1 Injection contractor equipment LS 20,000.00$     1                 20,000.00$                

9.2.2 Pilot study Persulfate/peroxide chemical cost lb 2.24$              27,888        62,469.12$                Chemical cost. Assumes  15' ROI, fenceline approach, 8 injection locations, 1 depth per 
location. Vendor quote

9.2.3 Pilot study potable water supply delivery EA 300.00$          7.00            2,100.00$                  Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

9.2.4 Pilot study injection contractor crew and project 
management Day 5,000.00$       10.00          50,000.00$                Vendor quote. Assumes 5560 gallons injected per day. 

9.2.5 Pilot study injection contractor mob/demob LS 5,000.00$       1                 5,000.00$                  Based on previous project experience. 

9.2.6 Pilot study oversight and construction 
monitoring HR 135.00$          150.00 20,250.00$                Assumes one mid level engineer for each injection events (total of 122 days, 10 hours per day) 

and the pre-injection site setup (assume one 50 hour week per event).
9.2.7 Pilot study oversight travel & MIE Week 641.50$          3                 1,924.50$                  GSA per-diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

9.3 Pilot Study post-treatment monitoring 4 rounds of post-injection monitoring
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9.3.1 Pilot study performance monitoring  sampling 
equipment rental LS 2,000.00$       4                 8,000.00$                  

Includes groundwater pumps, controllers, and compressed gas (3), water quality monitoring 
instruments (3), water level indicators (3), air-monitoring instrument (1) for two weeks for each 
event.  Costs based on vendor rental quote.  Assume 1 pre-injection event followed by 3 post-
injection/quarterly events for each injection.

9.3.2 Pilot study performance monitoring  disposable 
equipment costs EA 20.00$            40.00          800.00$                     Assume 10 locations per monitoring event (4 events total)

9.3.3 Pilot study performance monitoring event 
mobilization/demobilization - FOL HR 135.00$          16.00          2,160.00$                  Assume 4 hour round trip per event for 4 events for one mid level geologist.

9.3.4 Pilot study performance monitoring event 
mobilization/demobilization - Samplers (2) HR 110.00$          32.00          3,520.00$                  Assume 4 hour round trip per event for 4 events for two samplers.

9.3.5 Pilot study performance monitoring sampling 
labor - FOL HR 135.00$          200.00        27,000.00$                

Labor hours assume 10 hours per day to oversee two samplers, manage and track analytical 
sample collection, collect samples as available, and conduct field audits. Assume 1 week per 
event; 4 events.

9.3.6 Pilot study performance monitoring sampling 
labor - Samplers (2) HR 110.00$          400.00        44,000.00$                

Assume samples collected from 12 wells at 10 hours per day over one week (maximum), per 
event (assume 4 events).  Time required for QC sample collection not specifically included, but 
is likely negligible at this scale.

9.3.7 Pilot study performance monitoring sampling 
travel and MIE Week 1,786.25$       4.00            7,145.00$                  Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles and 

fuel for 1 week per event.

9.3.8 Pilot study performance monitoring analytical 
costs EA 150.00$          48.00          7,200.00$                  Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, one 

blank and one Duplicate sample (12 samples per event; 4 events total); 1 hr per sample.

9.3.9 Pilot study performance monitoring data 
validation HR 110.00$          48.00          5,280.00$                  Hours based on past experience of data validation requirements for Federal projects. Assumes 

a junior level scientist will perform DV.

9.3.10 Pilot study report preparation LS 10,000.00$     1.00            10,000.00$                

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs associated 
with Performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

Subtotal 315,810.12$              
10.0 In-Situ Treatment - Plume Area

10.01 Site facilities and laydown areas LS 15,000.00$     1                 15,000.00$                Based on previous project experience. 
10.02 Traffic control HR 75.00$            8,550          641,250.00$              Assume traffic detail required for all plume area injection activities. 
10.03 Injection contractor equipment LS 120,000.00$   1                 120,000.00$              Vendor Quote.

10.04 1st Injection - Persulfate/peroxide chemical cost lb 2.24$              264,936      593,456.64$              Chemical cost. Assumes  15' ROI, fenceline approach, 38 injection locations, 2 depths per 
location. Vendor quote

10.05 1st Injection - potable water supply delivery EA 300.00$          67.00          20,100.00$                Based on previous project experience. Assumes deliveries of 7500 gallon tankers.

10.06 1st Injection - Injection contractor crew and 
project management

Day 5,000.00$       90.00          450,000.00$              Vendor quote. Assumes 5560 gallons injected per day. 

10.07 1st Injection - Injection Contractor Mob/Demob LS 20,000.00$     1                 20,000.00$                Based on previous project experience. 

10.08 1st Injection - oversight and construction 
monitoring

HR 135.00$          950.00 128,250.00$              Assumes one mid level engineer for each injection events (122 days, 10 hours per day) and 
the pre-injection site setup (assume one 50 hour week per event).

10.09 1st Injection - oversight and construction 
monitoring travel & MIE

Week 641.50$          19               12,188.50$                Includes the GSA per-diem  MIE for one engineer in Middlesex County, rental vehicle and fuel.
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Nyanza Chemical Waste Dump Superfund Site

Ashland, Massachusetts
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-9

10.1 Second (2nd) Injection (100%) LS 1,223,995$     1                 1,223,995.14$           Same details/costs as first injection. To be performed approximately 10 months after 
completion of first injection.

10.11 Third (3rd) Injection (100%) LS 1,223,995$     1                 1,223,995.14$           Same details/costs as first injection. To be performed approximately 10 months after 
completion of second injection.

10.12 Fourth (4th) Injection (100%) LS 1,223,995$     1                 1,223,995.14$           Same details/costs as first injection. To be performed approximately 10 months after 
completion of third injection.

10.13 Fifth (5th) Injection (100%) LS 1,223,995$     1                 1,223,995.14$           Same details/costs as first injection. To be performed approximately 10 months after 
completion of fourth injection.

10.14 Sixth (6th) Injection (100%) LS 1,223,995$     1                 1,223,995.14$           Same details/costs as first injection. To be performed approximately 10 months after 
completion of fifth injection.

10.15 Seventh (7th) Injection (100%) LS 1,223,995$     1                 1,223,995.14$           Same details/costs as first injection. To be performed approximately 10 months after 
completion of sixth injection.

10.16 Eighth (8th) Injection (100%) LS 1,223,995$     1                 1,223,995.14$           Same details/costs as first injection. To be performed approximately 10 months after 
completion of seventh injection.

10.17 Ninth (9th) Injection (100%) LS 1,223,995$     1                 1,223,995.14$           Same details/costs as first injection. To be performed approximately 10 months after 
completion of eighth injection.

Subtotal 11,792,206.26$         
11.0  In-Situ Chemical Oxidation Injection Performance monitoring  - Plume Area

Assume 1 pre-injection event followed by 2 post-injection/quarterly events.

11.01 1st Injection - performance monitoring  
sampling equipment rental LS 2,000.00$       3                 6,000.00$                  

Includes groundwater pumps, controllers, and compressed gas (3), water quality monitoring 
instruments (3), water level indicators (3), air-monitoring instrument (1) for two weeks for each 
event.  Costs based upon vendor rental quote. Assume 1 pre-injection event followed by 3 post-
injection/quarterly events for each injection.

11.02 1st Injection - performance monitoring  
disposable equipment costs EA 20.00$            30.00          600.00$                     Assume 10 locations per monitoring event (3 events total)

11.03 1st Injection - performance monitoring event 
mobilization/demobilization - FOL HR 135.00$          12.00          1,620.00$                  Assume 4 hour round trip per event for 3 events for one mid level geologist.

11.04 1st Injection - performance monitoring event 
mobilization/demobilization - samplers (2) HR 110.00$          24.00          2,640.00$                  Assume 4 hour round trip per event for 3 events for two samplers.

11.05 1st Injection - performance monitoring  
sampling labor - FOL HR 135.00$          150.00        20,250.00$                

Labor hours assume 10 hours per day to oversee two samplers, manage and track analytical 
sample collection, collect samples as available, and conduct field audits. Assume 1 week per 
event; 3 events.

11.06 1st Injection - performance monitoring  
sampling labor - samplers (2) HR 110.00$          300.00        33,000.00$                Assume samples collected from 12 wells at 10 hours per day over one week (maximum), per 

event (assume 3 events).  

11.07 1st Injection - performance monitoring  
sampling travel and MIE Week 1,786.25$       3.00            5,358.75$                  Includes the GSA per-diem MIE for three workers in Middlesex County, two rental vehicles and 

fuel for a period of 1 week per event.

11.08 1st Injection - performance monitoring  
analytical Costs EA 150.00$          36.00          5,400.00$                  Assumes analysis for VOCs only. Assumes one sample from each well, one PE sample, one 

blank and one Duplicate sample (12 samples per event; 3 events total).

11.09 1st Injection - performance monitoring data 
validation HR 110.00$          100.00        11,000.00$                Number of hours based on past experience of data validation requirements for Federal 

projects. Assumes a junior level scientist will perform DV.

11.10 1st Injection - performance monitoring  
completion report preparation LS 10,000.00$     1.00            10,000.00$                

Report to summarize the injection events, observations, monitoring, analytical results, and 
evaluation of remedial goals. Costs based on scale-up of report preparation costs associated 
with Performance monitoring.  Includes additional evaluation of remedial success and 
comparison to remedial goals and reduction efficiency. One report per round of injection.

First Injection (Assume monitoring at 100% of locations = 10 wells)
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-9

11.11 Second (2nd) Injection performance monitoring 
event LS 95,868.75$     1 95,868.75$                Same details as Performance monitoring following first injection. Assume 10 wells to be 

sampled. 

11.12 Third (3rd) Injection performance monitoring 
event LS 95,868.75$     1                 95,868.75$                Same details as Performance monitoring following first injection. Assume 10 wells to be 

sampled. 

11.13 Fourth (4th) Injection performance monitoring 
event LS 95,868.75$     1                 95,868.75$                Same details as Performance monitoring following first injection. Assume 10 wells to be 

sampled. 

11.14 Fifth (5th) Injection performance monitoring 
event LS 95,868.75$     1                 95,868.75$                Same details as Performance monitoring following first injection. Assume 10 wells to be 

sampled. 

11.15 Sixth (6th) Injection performance monitoring 
event LS 95,868.75$     1                 95,868.75$                Same details as Performance monitoring following first injection. Assume 10 wells to be 

sampled. 

11.16 Seventh (7th) Injection performance monitoring 
event LS 95,868.75$     1                 95,868.75$                Same details as Performance monitoring following first injection. Assume 10 wells to be 

sampled. 

11.17 Eighth (8th) Injection performance monitoring 
event LS 95,868.75$     1                 95,868.75$                Same details as Performance monitoring following first injection. Assume 10 wells to be 

sampled. 

11.18 Ninth (9th) Injection performance monitoring 
event LS 95,868.75$     1                 95,868.75$                Same details as Performance monitoring following first injection. Assume 10 wells to be 

sampled. 
Subtotal 862,818.75$              

12.0 Monitoring Well Network Optimization
12.1 Drilling/Geophysics/Packer Testing

12.1.1 Drilling contractor mobilization/ demobilization LS 1,000.00$       1 1,000.00$                  Previous project invoice

12.1.2 Drill and install overburden wells FT 115.00$          140 16,100.00$                Assume 4 overburden monitoring wells to an average depth of 35 ft bgs. Previous project 
invoice

12.1.3 Drill and install bedrock wells FT 171.74$          260 44,652.40$                Assume 4 bedrock monitoring wells to an average depth of 65 ft bgs. Means 2005 Env 33 23 
1131

12.1.4 IDW Disposal - soil EA 180.00$          5 900.00$                     drill cuttings for 4" wells, assume non-hazardous 55 gallon drums
12.1.5 IDW Disposal - water LS 2,000.00$       1 2,000.00$                  well development/decontamination water, assume non-hazardous, off-site disposal
12.1.6 well development - equipment Week 304.44$          4                 1,217.76$                  Assume 1/2 day per well. Means 2005 Env 33 23 1186

12.1.7 Borehole geophysics EA 3,090.00$       4 12,360.00$                Borehole geophysics in each bedrock borehole to assess depth specific aquifer hydraulic 
properties. Previous project invoice.

12.1.8 Packer testing - contractor DAY 4,000.00$       4                 16,000.00$                Assume 3 testing intervals per day, 3 intervals per borehole. Vendor invoice.
12.1.9 Packer testing - equipment/supplies LS 3,000.00$       1                 3,000.00$                  Assume pumping, monitoring and H&S supplies + sample shipment

12.1.10 VOC groundwater analysis - packer EA 79.00$            12               948.00$                     Assume 3 samples per borehole x 20% QA/QC for VOCs
12.1.11 Hydraulic conductivity/slug tests DAY 1,000.00$       1                 1,000.00$                  Assume slug tests for 4 overburden wells (1 day)

12.2 Synoptic Sampling Round

12.2.1 Sampling equipment rental LS 5,000.00$       1                 5,000.00$                  
Sample 70 groundwater wells. Includes groundwater pumps, controllers, and compressed gas 
(3), water quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks for each event.  Costs based on vendor rental quote.  

12.2.2 Disposable equipment costs EA 20.00$            77               1,540.00$                  Assume 70 wells, plus 10% extra.

12.2.3 LTM event mobilization/demobilization HR 110.00$          64               7,040.00$                  16 hours per FOL/sampler to prep for event (includes event travel, 2 hr/day/pp). Each LTM 
event will last 7 days (assuming 2.5 wells per  person per day)

12.2.4 Sampling labor - FOL HR 135.00$          70               9,450.00$                  Assume 7 days at 10 hr/day for 1 FOL
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UNIT UNIT COST QUANTITY TOTAL COST SOURCEDESCRIPTION

Alternative GW-9

12.2.5 Sampling labor - samplers (3) HR 110.00$          210             23,100.00$                Assume 7 days at 10 hr/day for 3 samplers. 
12.2.6 Sampling travel and MIE Week 641.50$          6                 3,849.00$                  Car rental, gas, meals and incidentals for 4 samplers for 7 days each.
12.2.7 Analytical costs EA 266.00$          77               20,482.00$                Assumes costs for VOC + SVOC analysis
12.2.8 Data validation EA 110.00$          77               8,470.00$                  Assume 1 hour per sample. 

12.2.9 Construction Oversight Travel & MIE Week 95,868.75$     7                 671,081.25$              Engineers estimate, time to install wells and perform borehole testing. Includes the GSA per-
diem MIE for one engineer in Middlesex County, rental vehicle and fuel.

12.2.10 Engineer Oversight HR 135.00$          332             44,820.00$                Mid-level engineer. Assume 100 ft/day overburden drilling and 80 ft/day bedrock drilling, 
monitoring well development, and borehole geophysics/packer testing.

Subtotal 894,010.41$              
13.0 Off Site Disposal

13.01 Decontamination/purge water off-site Disposal LS 25,000.00$     1 25,000.00$                2014 IDW Subcontractor Cost + 5% Inflation Markup, plus costs for sampling labor and 
analysis of disposal samples

Subtotal 25,000.00$                
14.0  Institutional Controls

14.01 Institutional Controls LS 30,000.00$     2                 60,000.00$                Engineer Estimate. IC for Nyacol/WAC and downgradient plume AOCs
Subtotal 60,000.00$                

15.0 Site Closeout
15.01 Site Cleanup LS 20,000.00$     1                 20,000.00$                Engineer Estimate

15.02 As-Built Survey ACRE 2,928.00$       20               58,560.00$                Includes Nyacol/WAC AOC and part of downgradient plume AOC. Means 2017 HC, 02 21 
13.09 0020 & 0100

Subtotal 78,560.00$                
24,641,122.38$         

16.0 Other Costs
16.01 Project Management (5% of direct costs) 1,232,056.12$           OSWER 9355.0-75

16.02 Engineering and  Design (6% of direct costs) 1,478,467.34$           OSWER 9355.0-75

16.03 Construction Management (6% of direct costs) 1,478,467.34$           OSWER 9355.0-75

16.04 Location Adjustment (10%) 2,464,112.24$           MEANS 2017 HC City Cost Indexes

16.05 Health and Safety Monitoring - Level C (20% of direct costs) 4,928,224.48$           

16.06 Contingency (Scope 15%) 3,696,168.36$           OSWER 9355.0-75
15,277,495.88$         

TOTAL CAPITAL COST FOR GW-9 39,919,000$   

Notes:
1 Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment
2 All RS Means Env costs are inflated by 20% from 2005 and assume Level C PPE 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS
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Appendix E-6
Alternative GW-9 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 2

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTES

OM1.1.01 Existing Extraction Wells (Annual Cost, Years 1-5)
OM.1.01 Labor/Travel LS 48,873.00$  1 48,873.00$    Current system O&M annual costs (2016-2018 average)

OM.1.02 Materials, supplies, equipment LS 3,170.00$    1 3,170.00$      Includes materials, supplies, equipment, signage, PPE, monitoring 
equipment, lab costs. Current system O&M annual cost. 

OM.1.03 Extracted DNAPL off-site disposal and transport LS 6,600.00$    1 6,600.00$      Current system O&M annual cost. 
OM.1.04 Extraction well/pump repairs LS 848.00$       1 848.00$         Current system O&M annual cost. 
OM.1.05 System operation - nitrogen tanks and power LS 260.00$       1 260.00$         Current system O&M annual cost. 

Subtotal 59,751$         

OM1.2.01 Newly Installed DNAPL Recovery Wells (Monthly Cost, Years 1-5)

OM.1.2.01 Labor - pump-out DNAPL extraction wells HR 135.00$       40 5,400.00$      Assume 1 hr per well per month to inspect, gauge, and extract DNAPL using 
bailer or pump. 

OM.1.2.02 Materials, supplies, equipment EA 132.08$       40 5,283.33$      Includes materials, supplies, equipment, signage, PPE, monitoring 
equipment, laboratory costs for each well per month. 

OM.1.2.03 Extraction well repair LS 500.00$       1 500.00$         Assume $500 per month to repair extraction wells.
OM.1.2.04 Extracted DNAPL off-site disposal and transport EA 275.00$       40 11,000.00$    Monthly disposal and transportation costs for each extraction well. 
OM.1.2.05 Engineer Travel Week 641.50$       1               641.50$         Car rental, gas, meals and incidentals for 1 staff for 5 days each month.

Subtotal 22,825$         

Alternative GW-9

OM.1.0 DNAPL Extraction

DESCRIPTION
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Alternative GW-9 Cost Estimate - Operation and Maintenance Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 2

UNIT UNIT COST QUANTITY TOTAL COST SOURCE/NOTES

Alternative GW-9

DESCRIPTION

OM.2.01 Sampling equipment rental LS 5,000.00$    1 5,000$           
Includes groundwater pumps, controllers, and compressed gas (3), water 
quality monitoring instruments (3), water level indicators (3), air-monitoring 
instrument (1) for two weeks per event.  Costs from vendor rental quote.  

OM.2.02 Disposable equipment costs EA 20.00$         77 1,540$           Assume 70 wells per annual LTM event, plus 10% extra.

OM.2.03 LTM event mobilization/demobilization HR 110.00$       64 7,040$           
16 hours per FOL/sampler to prep for event (includes event travel, 2 
hr/day/pp). Each LTM event will last 7 days (assuming 2.5 wells per  person 
per day)

OM.2.04 Sampling labor - FOL HR 135.00$       70 9,450$           Assume 7 days at 10 hr/day for 1 FOL
OM.2.05 Sampling labor - samplers (3) HR 110.00$       210 23,100$         Assume 7 days at 10 hr/day for 3 samplers. 
OM.2.06 Sampling travel and MIE Week 641.50$       6 3,849$           
OM.2.07 Analytical costs EA 350.00$       84 29,400$         Assumes  costs for VOC, SVOC, and general geochemistry. 
OM.2.08 Data validation EA 110.00$       84 9,240$           Assume 1 hour per sample. 
OM.2.09 LTM annual report LS 10,000.00$  1 10,000$         One report per annual LTM event

Subtotal 98,619$         

OM.3.01 Inspection (annual) LS 5,000.00$    1 5,000$           
OM.3.02 Deed restriction reporting LS 25,000.00$  1 25,000$         

Subtotal 30,000$         

OM.4.01 Inspection (every 5 years) LS 20,000.00$  1 20,000$         
OM.4.02 Periodic Inspection Report LS 30,000.00$  1 30,000$         

Subtotal 50,000$         

Note:
1 Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

OM.4.0 Five Year Reviews

OM.3.0 Deed Restrictions

OM.2.0  Long-Term Monitoring (annual sampling)
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Appendix E-6
Alternative GW-9 Cost Estimate - Present Value Costs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Year Capital O&M 5-Yr Review1 Total Discount Rate2 Present Value

0 $39,919,000 -$                  $0 $39,919,000 7.0% $39,919,000

1 $0 462,268$          $0 $462,268 7.0% $432,026

2 $0 462,268$          $0 $462,268 7.0% $403,763

3 $0 462,268$          $0 $462,268 7.0% $377,348

4 $0 462,268$          $0 $462,268 7.0% $352,662

5 $0 462,268$          $50,000 $512,268 7.0% $365,240

6 $0 128,619$          $0 $128,619 7.0% $85,704

7 $0 128,619$          $0 $128,619 7.0% $80,097

8 $0 128,619$          $0 $128,619 7.0% $74,857

9 $0 128,619$          $0 $128,619 7.0% $69,960

10 $0 128,619$          $50,000 $178,619 7.0% $90,801

11 $0 128,619$          $0 $128,619 7.0% $61,106

12 $0 128,619$          $0 $128,619 7.0% $57,108

13 $0 128,619$          $0 $128,619 7.0% $53,372

14 $0 128,619$          $0 $128,619 7.0% $49,881

15 $0 128,619$          $50,000 $178,619 7.0% $64,740

16 $0 128,619$          $0 $128,619 7.0% $43,568

17 $0 128,619$          $0 $128,619 7.0% $40,717

18 $0 128,619$          $0 $128,619 7.0% $38,054

19 $0 128,619$          $0 $128,619 7.0% $35,564

20 $0 128,619$          $50,000 $178,619 7.0% $46,159

21 $0 128,619$          $0 $128,619 7.0% $31,063

22 $0 128,619$          $0 $128,619 7.0% $29,031

23 $0 128,619$          $0 $128,619 7.0% $27,132

24 $0 128,619$          $0 $128,619 7.0% $25,357

25 $0 128,619$          $50,000 $178,619 7.0% $32,910

26 $0 128,619$          $0 $128,619 7.0% $22,148

27 $0 128,619$          $0 $128,619 7.0% $20,699

28 $0 128,619$          $0 $128,619 7.0% $19,345

29 $0 128,619$          $0 $128,619 7.0% $18,079

30 $0 128,619$          $50,000 $178,619 7.0% $23,465

TOTAL $39,919,000 $42,991,000

PV O&M $3,072,000

Notes: 

2 Discount rate of 7% per EPA 540-R-00-002, OSWER 9355.0-75, July 2000, p. 4-5.
3  Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment
4 O&M = operations and maintenance

Alternative GW-9

1 Five-year reviews are estimated to cost $50,000 and are included in the Present Value O&M subtotal.

NH-4537-2020 Nobis Group

I I I I I I I I 



1 
 

Appendix E 
Cost Support – Alternative Assumptions 

 

The following descriptions provide assumptions used to develop the cost estimates for Appendix 

E, in addition to those presented in the text. Alternative GW-1 does not include any additional 

remedial activity; therefore, no discussion of GW-1 is included in this cost support memorandum. 

 

1.0 GW-2: Limited Action/DNAPL Extraction Enhancement 

Alternative GW-2 includes limited action to prevent use of the contaminated or potentially 

contaminated groundwater. It includes institutional controls (ICs) to prevent exposure to 

contaminated groundwater in non-drinking water areas, protect construction workers from 

exposure to groundwater and trench vapors during excavation activities, and require a vapor 

intrusion evaluation or vapor mitigation system (VMS) installation in new buildings constructed in 

the contaminated groundwater plume.  Periodic monitoring would assess compliance with the ICs 

and evaluate plume extent. Alternative GW-2 also includes continuation of current remedial 

actions at the Site (maintenance of existing VMS and continued DNAPL extraction using existing 

systems). An optional component to GW-2 is to enhance the existing dense non-aqueous phase 

liquid (DNAPL) extraction systems by an additional investigation to locate DNAPL, installation of 

additional DNAPL recovery wells, and optimization of existing DNAPL extraction systems.  

 

The GW-2 cost estimate includes assumptions below. The Appendix E tables contain additional 

details. Note that the VMS operations and maintenance (O&M) is the responsibility of the 

Massachusetts Department of Environmental Protection (MassDEP) and those costs are not 

included in these alternative assumptions. 

 

1.1 Pre-Design Investigation 

The pre-design investigation (PDI) includes: 

• Surveys: site features, wetland delineation. 

• Phase I DNAPL investigation (Optional – Enhanced DNAPL Extraction Option):  

o direct-push technology (DPT): DyeLIF to identify chlorinated solvent DNAPL; 

MiHPT to identify dissolved volatile organic compounds (VOCs) and profile 

hydraulic conductivity (100 locations). 
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o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

• Phase II DNAPL investigation (Optional – Enhanced DNAPL Extraction Option):  

o Rotosonic drilling (overburden and bedrock) with continuous sampling (30 

locations.  

o Install 20 DNAPL recovery wells (10 overburden and 10 shallow bedrock). 

o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

• DNAPL pilot study (2 months) (Optional – Enhanced DNAPL Extraction Option): 

o Collect DNAPL characterization samples (20 wells). 

o Perform hydraulic fracturing in 1 overburden and 1 bedrock boring. 

• Nyacol/WAC area of concern (AOC) groundwater evaluation:  

o install additional wells (areas not included in DNAPL evaluation): 6 overburden 

(rotosonic), 10 bedrock (4 rotosonic, 6 air rotary). 

o One round of comprehensive sampling (65 wells). 

 

1.2 Site Preparation and Mobilization/Demobilization 

Field equipment and support services would be mobilized, and the site prepared for 

construction/remedy implementation. 

• Assume field activities (not including O&M) will take approximately two months. 

• Brush will be cleared, and drill pads/other infrastructure added as needed. 

• Prepare decontamination facilities and pad. 

• Coordinate with property owners and railroad right-of-way. 

 

1.3 Nyacol/WAC AOC DNAPL Extraction (Optional – Enhanced DNAPL 

Extraction Option) 

Recoverable DNAPL will be removed to the extent possible. 

• An additional 10 overburden and 5 bedrock DNAPL extraction wells will be installed. 

• Post-step drilling optimization includes 5 additional bedrock boreholes with hydraulic 

fracturing. 
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• 40 extraction wells are assumed to contain recoverable DNAPL and included in future 

O&M plans (20 wells from the PDI and 20 wells from the complete DNAPL extraction noted 

above). 

• DNAPL recovery would be performed monthly (manual recovery using bailer or pumping) 

for 5 years. 

 

1.4 Monitoring Well Network Optimization 

Additional wells will be installed outside of the Nyacol/WAC AOC. Results will be used to update 

the conceptual site model (CSM). 

• Additional 7 shallow overburden, 6 deep overburden wells installed using rotosonic drilling 

• Additional 8 bedrock wells installed using air-rotary drilling. 

• Geophysics and packer testing performed for bedrock wells. 

• Synoptic sampling round to determine wells to be used for plume monitoring 

 

1.5 Long-Term Remedy Components 

Long-term remedy components include the following: 

• Institutional controls. 

• Sampling of up to 70 monitoring wells. Includes sampling labor, travel, equipment, 

supplies, analysis, data validation, and reporting. 

• Five-year reviews would be conducted every 5 years. 

 

2.0 GW-4: Nyacol/WAC AOC DNAPL Extraction/In-Situ Treatment 

Alternative GW-4 uses in-situ chemical treatment in the Nyacol/WAC AOC and groundwater 

monitoring in the downgradient plume AOC. Alternative GW-4 also includes the same 

components as described for GW-2 above, including the optional DNAPL investigation and 

additional DNAPL extraction wells. The GW-4 cost estimate includes assumptions below. The 

Appendix E tables contain additional details. Note that the VMS O&M is the responsibility of 

MassDEP, and those costs are not included in these alternative assumptions. 

 

2.1 Pre-Design Investigation 

The PDI includes: 
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• Surveys: site features, wetland delineation. 

• Phase I DNAPL investigation:  

o DPT: DyeLIF to identify chlorinated solvent DNAPL; MiHPT to identify dissolved 

VOCs and profile hydraulic conductivity (100 locations). 

o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

• Phase II DNAPL investigation:  

o Rotosonic drilling (overburden and bedrock) with continuous sampling (30 

locations). 

o Install DNAPL recovery wells (20 overburden and 10 shallow bedrock). 

o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

o Rock ring/matrix diffusion evaluation: 7 locations. 

o Collect soil samples for VOC, semi-volatile organic compound (SVOC), physical 

properties analysis. 

• Nyacol/WAC AOC groundwater evaluation:  

o install additional wells (areas not included in DNAPL evaluation): 6 overburden 

(rotosonic), 10 bedrock (4 rotosonic, 6 air rotary) 

o One round of comprehensive sampling (65 wells) 

• Nyacol/WAC AOC DNAPL/in-situ treatment (assumed to be in-situ chemical oxidation, or 

ISCO) pilot study (6 months): 

o The pilot study would use the installed Phase II recovery wells. 

o Collect DNAPL characterization samples (20 wells). 

o Perform hydraulic fracturing in 1 overburden and 1 bedrock boring. 

o ISCO pilot study would include injections into existing wells and 4 rounds of post-

treatment monitoring to evaluate aquifer response. 

 

2.2 Site Preparation and Mobilization/Demobilization 

Field equipment and support services would be mobilized, and the site prepared for 

construction/remedy implementation. 

• Assume field activities (not including O&M) will take approximately 30 months. 

• Brush will be cleared, and drill pads/other infrastructure added as needed. 

• Coordinate with property owners and railroad right-of-way. 
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• Prepare decontamination facilities and pad. 

 

2.3 Nyacol/WAC AOC DNAPL Extraction 

Recoverable DNAPL will be removed to the extent possible. 

• An additional 10 overburden and 5 bedrock DNAPL extraction wells will be installed. 

• Post-step drilling optimization includes 5 additional bedrock boreholes with hydraulic 

fracturing. 

• 40 extraction wells are assumed to contain recoverable DNAPL and included in future 

O&M plans (20 wells from the PDI and 20 wells from the complete DNAPL extraction noted 

above). 

• DNAPL recovery would be performed monthly (manual recovery using bailer or pumping) 

for 5 years. 

 

2.4 Nyacol/WAC AOC In-Situ Treatment 

In-situ treatment (assumed to be ISCO for costing purposes) would be performed to treat 

contamination at the Nyacol/WAC AOC. Potassium persulfate is assumed to be used because it 

is the only ISCO reagent capable of breaking down the chlorinated benzenes while achieving 

adequate aquifer distribution. Full-scale implementation would be designed based on PDI results. 

• Install injection points: 

o An additional 90 injection wells (50 overburden and 40 bedrock) would be installed, 

for a total of 80 overburden injection points and 55 bedrock injection points using 

existing wells. 

o 12 overburden and 12 shallow bedrock injection points would be installed using 

directional drilling. 

o Deep bedrock wells installed would have borehole geophysics, packer sampling, 

and hydraulic testing. 

o Overburden depths assumed to average 30 feet bgs; shallow bedrock assumed to 

average 45 feet bgs; limited deep bedrock drilling (down-slope from the edge of 

the landfill) to 100 feet bgs. 

• In-situ treatment: 
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o Perform 4 injections of a sodium peroxide-activated persulfate solution. Injections 1 

and 2 will address all injection locations and injections 3 and 4 will be directed at 

50% of the initial injection locations.  

o Assumed radius of influence (ROI) of the injections is 18 feet, with 30 foot spacing 

to allow overlap. 

o Potable water will be delivered to the site in 7500-gallon tankers. 

o Each round of injections is assumed to take approximately 24 weeks (100% of 

locations) to complete.  

• In-Situ Treatment Performance Monitoring:   

o Performance monitoring groundwater samples will be collected from 12 groundwater 

monitoring well locations (100% of total) per event for events 1 through 3, and from 

9 wells (75% of total) from the fourth and final performance monitoring event. 

o One pre-injection and three post-injection performance monitoring events are 

assumed for each persulfate injection.  

o Samples will be analyzed for VOCs only. 

o A performance monitoring completion report will be completed for each round (4 

events) of monitoring, and prior to the next persulfate injection. 

 

2.5 Monitoring Well Network Optimization 

Additional wells will be installed outside of the Nyacol/WAC AOC. Results will be used to update 

the CSM. 

• Additional 10 overburden wells installed using rotosonic drilling. 

• Additional 10 bedrock wells installed using air-rotary drilling. 

• Geophysics and packer testing performed for bedrock wells. 

• One initial comprehensive groundwater sampling round would be conducted for all 

available wells to fully characterize the groundwater and to determine the wells to be 

included in long-term monitoring. 

 

2.6 Other Long-Term Remedy Components 

Long-term remedy components include the following: 

• Institutional controls. 
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• Sampling of up to 70 monitoring wells. Includes sampling labor, travel, equipment, 

supplies, analysis, data validation, and reporting. 

• Five-year reviews would be conducted every 5 years. 

 

3.0 GW-5: Nyacol/WAC AOC DNAPL Extraction, In-Situ Treatment and Limited 
Pump and Treat 

Alternative GW-5 uses in-situ chemical treatment and pump and treat in the Nyacol/WAC AOC 

and monitoring in the downgradient plume AOC. Alternative GW-5 also includes the same 

components as described for GW-2 above. The GW-5 cost estimate includes assumptions below. 

The Appendix E tables contain additional details. Figure E-1 shows the proposed groundwater 

treatment system for the Nyacol/WAC AOC.  Note that the VMS O&M is the responsibility of 

MassDEP, and those costs are not included in these alternative assumptions. 

 

3.1 Pre-Design Investigation 

The PDI includes: 

• Surveys: site features, wetland delineation 

• Phase I DNAPL investigation:  

o DPT: DyeLIF to identify chlorinated solvent DNAPL; MiHPT to identify dissolved 

VOCs and profile hydraulic conductivity (100 locations). 

o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

• Phase II DNAPL investigation:  

o Rotosonic drilling (overburden and bedrock) with continuous sampling (30 

locations). 

o Install DNAPL recovery wells (20 overburden and 10 shallow bedrock). 

o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

o Rock ring/matrix diffusion evaluation: 7 locations. 

o Collect soil samples for VOC, SVOC, physical properties analysis. 

• Nyacol/WAC AOC groundwater evaluation:  

o install additional wells (areas not included in DNAPL evaluation): 6 overburden 

(rotosonic), 10 bedrock (4 rotosonic, 6 air rotary). 
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o One round of comprehensive sampling (65 wells). 

• Nyacol/WAC AOC DNAPL/ISCO pilot study (6 months): 

o The pilot study would use the installed Phase II recovery wells. 

o Collect DNAPL characterization samples (20 wells). 

o Perform hydraulic fracturing in 1 overburden and 1 bedrock boring. 

o ISCO pilot study would include injections into existing wells and 4 rounds of post-

treatment monitoring to evaluate aquifer response. 

 

3.2 Site Preparation and Mobilization/Demobilization 

Field equipment and support services would be mobilized, and the site prepared for 

construction/remedy implementation. 

 

• Assume field activities (not including O&M) will take approximately 30 months. 

• Brush will be cleared, and drill pads/other infrastructure added as needed. 

• Coordinate with property owners and railroad right-of-way. 

• Prepare decontamination facilities and pad. 

 

3.3 Nyacol/WAC DNAPL Extraction 

Recoverable DNAPL will be removed to the extent possible. 

• An additional 10 overburden and 5 bedrock DNAPL extraction wells will be installed. 

• Post-step drilling optimization includes 5 additional bedrock boreholes with hydraulic 

fracturing. 

• 40 extraction wells are assumed to contain recoverable DNAPL and included in future 

O&M plans (20 wells from the PDI and 20 wells from the complete DNAPL extraction noted 

above). 

• DNAPL recovery would be performed monthly (manual recovery using bailer or pumping) 

for 5 years. 

 

3.4 Nyacol/WAC AOC In-Situ Treatment 

In-situ treatment (assumed to be ISCO for costing purposes), would be performed to treat 

contamination at the Nyacol/WAC AOC. Potassium persulfate is assumed to be used because it 
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is the only ISCO reagent capable of breaking down the chlorinated benzenes while achieving 

adequate aquifer distribution. Full-scale implementation would be designed based on PDI results. 

• Install injection points: 

o An additional 90 injection wells (50 overburden and 40 bedrock) would be installed, 

for a total of 80 overburden injection points and 55 bedrock injection points using 

existing wells. 

o 12 overburden and 12 shallow bedrock injection points would be installed using 

directional drilling. 

o Deep bedrock wells installed would have borehole geophysics, packer sampling, 

and hydraulic testing. 

o Overburden depths assumed to average 30 feet bgs; shallow bedrock assumed to 

average 45 feet bgs; limited deep bedrock drilling (along the landfill slope) to 100 

feet bgs. 

• In-situ treatment: 

o Perform 4 injections of a sodium peroxide-activated persulfate solution. Injections 1 

and 2 will address all injection locations and injections 3 and 4 will be directed at 

50% of the initial injection locations.  

o Assumed ROI of the injections is 18 feet, with 30 foot spacing to allow overlap. 

o Potable water will be delivered to the site in 7500-gallon tankers. 

o Each round of injections is assumed to take approximately 24 weeks (100% of 

locations) to complete.  

• In-Situ Treatment Performance Monitoring:  

o Performance monitoring groundwater samples will be collected from 12 groundwater 

monitoring well locations (100% of total) per event for events 1 through 3, and from 

9 wells (75% of total) from the fourth and final performance monitoring event. 

o One pre-injection and three post-injection performance monitoring events are 

assumed for each persulfate injection.  

o Samples will be analyzed for VOCs only. 

o A performance monitoring completion report will be completed for each round (4 

events) of monitoring, and prior to the next persulfate injection. 
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3.5 Nyacol/WAC AOC Pump and Treat 

Following the DNAPL and in-situ treatment, a groundwater extraction and treatment system would 

be installed at the Nyacol/WAC AOC to reduce or prevent the migration of contaminants that were 

not addressed during in-situ treatment. 

• Pilot study: 

o Conduct 2 pumping tests: bedrock downgradient of landfill (5 bedrock wells for 

testing), and near DNAPL source zone (up to 15 wells, including overburden and 

bedrock). 

o Wells for pilot study would be selected from the available well network. 

• Install Extraction Wells: 

o Install the following extraction wells within the Nyacol/WAC AOC: Overburden: 9 

locations to an average depth of 32 ft bgs and 5 locations to an average depth of 45 

ft bgs using rotosonic drilling. One existing well would also be used. 

o Bedrock: 2 locations to an average depth of 95 ft bgs using air rotary drilling. 

o Install extraction wells pumps and network wells together to transport extracted 

groundwater to the groundwater treatment system building. 

o Assume the extraction well network will pump at approximately 30 gpm continuously.  

• Groundwater Treatment building: 

o Construct groundwater treatment train consisting of the following elements (see 

Figure E-1): 

▪ Oil-water separator, 

▪ Polyphosphate addition/neutralization system, 

▪ Heat exchanger, 

▪ Air stripper, 

▪ Vapor-phase carbon system, and 

▪ Discharge to publicly-owned treatment works (POTW)/sewer 

o The treatment system will be contained in a newly constructed treatment building, to 

be staffed full-time by a treatment plant operator.  

o Capital energy costs are included for construction and the first year of operation. 

o Any DNAPL collected by the oil-water separator (OWS) will be disposed of off-site. 

• Off-Site Disposal:   
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o The treatment system will discharge treated groundwater to the POTW under the 

substantive requirements of a National Pollutant Discharge Elimination System 

(NPDES) permit (assume discharge flow will match system inflow of 30 gpm). 

o NPDES permit sampling performed daily for VOCs and monthly for other analyses. 

o Monthly NPDES reports will be prepared detailing the results of the discharge 

concentrations and volumes. 

o Decontamination water and purge water from groundwater sampling, as well as 

soil cuttings will be containerized, characterized, and disposed of off-site. 

• O&M Pump and Treat: Annual maintenance of treatment system includes the following: 

o OWS DNAPL off-site disposal, 

o OWS, blower and motor maintenance and repair, 

o Air stripper maintenance (packing reconditioning and replacement),  

o Annual electricity for pumps, blowers, air stripper, etc., 

o Building upkeep, electricity, and repair, 

o Annual labor for treatment plant operator, 

o NPDES permit sampling, and 

o POTW discharge costs 

 

3.6 Monitoring Well Network Optimization 

Additional wells will be installed outside of the Nyacol/WAC AOC. Results will be used to update 

the CSM. 

• Additional 11 overburden wells installed using rotosonic drilling. 

• Additional 11 bedrock wells installed using air-rotary drilling. 

• Geophysics and packer testing performed for bedrock wells. 

• One initial comprehensive groundwater sampling round would be conducted for all 

available wells to fully characterize the groundwater and to determine the wells to be 

included in long-term monitoring. 

 

3.7 Other Long-Term Remedy Components 

Long-term remedy components include the following: 

• Institutional controls. 
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• Sampling of up to 70 monitoring wells. Includes sampling labor, travel, equipment, 

supplies, analysis, data validation, and reporting. 

• Five-year reviews would be conducted every five years. 

 

4.0 GW-8: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat; 
Downgradient Plume AOC In-Situ Treatment 

Alternative GW-8 uses in-situ chemical treatment and pump and treat in the Nyacol/WAC AOC 

and in-situ treatment in the downgradient plume AOC. Alternative GW-8 also includes the same 

components as described for GW-2 above. The GW-8 cost estimate includes assumptions below. 

The Appendix E tables contain additional details. Figure E-1 shows the proposed groundwater 

treatment system for the Nyacol/WAC AOC.  Note that the VMS O&M is the responsibility of 

MassDEP, and those costs are not included in these alternative assumptions. 

 

4.1 Pre-Design Investigation 

The PDI includes: 

 

• Surveys: site features, wetland delineation 

• Phase I DNAPL investigation:  

o DPT: DyeLIF to identify chlorinated solvent DNAPL; MiHPT to identify dissolved 

VOCs and profile hydraulic conductivity (100 locations). 

o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

• Phase II DNAPL investigation:  

o Rotosonic drilling (overburden and bedrock) with continuous sampling (30 

locations). 

o Install DNAPL recovery wells (20 overburden and 10 shallow bedrock). 

o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

o Rock ring/matrix diffusion evaluation: 7 locations. 

o Collect soil samples for VOC, SVOC, physical properties analysis. 

• Nyacol/WAC AOC groundwater evaluation:  
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o install additional wells (areas not included in DNAPL evaluation): 6 overburden 

(rotosonic), 10 bedrock (4 rotosonic, 6 air rotary). 

o One round of comprehensive sampling (65 wells). 

• Nyacol/WAC AOC DNAPL/ISCO pilot study (6 months): 

o The pilot study would use the installed Phase II recovery wells. 

o Collect DNAPL characterization samples (20 wells). 

o Perform hydraulic fracturing in 1 overburden and 1 bedrock boring. 

o ISCO pilot study would include injections into existing wells and 4 rounds of post-

treatment monitoring to evaluate aquifer response. 

 

4.2 Site Preparation and Mobilization/Demobilization 

Field equipment and support services would be mobilized, and the site prepared for 

construction/remedy implementation. 

• Assume field activities (not including O&M) will take approximately 72 months. 

• Brush will be cleared, and drill pads/other infrastructure added as needed. 

• Coordinate with property owners and railroad right-of-way. 

• Conduct a pre-construction survey of the entire Nyanza Site.  

• Prepare decontamination facilities and pad. 

 

4.3 Nyacol/WAC AOC DNAPL Extraction 

Recoverable DNAPL will be removed to the extent possible. 

• An additional 10 overburden and 5 bedrock DNAPL extraction wells will be installed. 

• Post-step drilling optimization includes 5 additional bedrock boreholes with hydraulic 

fracturing. 

• 40 extraction wells are assumed to contain recoverable DNAPL and included in future 

O&M plans (20 wells from the PDI and 20 wells from the complete DNAPL extraction noted 

above). 

• DNAPL recovery would be performed monthly (manual recovery using bailer or pumping) 

for 5 years. 
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4.4 Nyacol/WAC AOC In-Situ Treatment 

In-situ treatment (assumed to be ISCO for costing purposes), would be performed to treat 

contamination at the Nyacol/WAC AOC. Potassium persulfate is assumed to be used because it 

is the only ISCO reagent capable of breaking down the chlorinated benzenes while achieving 

adequate aquifer distribution. Full-scale implementation would be designed based on PDI results. 

• Install injection points: 

o An additional 90 injection wells (50 overburden and 40 bedrock) would be installed, 

for a total of 80 overburden injection points and 55 bedrock injection points using 

existing wells. 

o 12 overburden and 12 shallow bedrock injection points would be installed using 

directional drilling. 

o Deep bedrock wells installed would have borehole geophysics, packer sampling, 

and hydraulic testing. 

o Overburden depths assumed to average 30 feet bgs; shallow bedrock assumed to 

average 45 feet bgs; limited deep bedrock drilling (along the landfill slope) to 100 

feet bgs. 

• In-situ treatment: 

o Perform 4 injections of a sodium peroxide-activated persulfate solution. Injections 1 

and 2 will address all injection locations and injections 3 and 4 will be directed at 

50% of the initial injection locations.  

o Assumed ROI of the injections is 18 feet, with 30 foot spacing to allow overlap. 

o Potable water will be delivered to the site in 7500-gallon tankers. 

o Each round of injections is assumed to take approximately 24 weeks (100% of 

locations) to complete.  

• In-Situ Treatment Performance Monitoring:  

o Performance monitoring groundwater samples will be collected from 12 groundwater 

monitoring well locations (100% of total) per event for events 1 through 3, and from 

9 wells (75% of total) from the fourth and final performance monitoring event. 

o One pre-injection and three post-injection performance monitoring events are 

assumed for each persulfate injection.  

o Samples will be analyzed for VOCs only. 

o A performance monitoring completion report will be completed for each round (4 

events) of monitoring, and prior to the next persulfate injection. 
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4.5 Nyacol/WAC AOC Pump and Treat 

Following the DNAPL and in-situ treatment, a groundwater extraction and treatment system would 

be installed at the Nyacol/WAC AOC to reduce or prevent the migration of contaminants that were 

not addressed during in-situ treatment. 

• Pilot study: 

o Conduct 2 pumping tests: bedrock downgradient of landfill (5 bedrock wells for 

testing), and near DNAPL source zone (up to 15 wells, including overburden and 

bedrock). 

o Wells for pilot study would be selected from the available well network. 

• Install Extraction Wells: 

o Install the following extraction wells within the Nyacol/WAC AOC: Overburden: 9 

locations to an average depth of 32 ft bgs and 5 locations to an average depth of 45 

ft bgs using rotosonic drilling. One existing well would also be used. 

o Bedrock: 2 locations to an average depth of 95 ft bgs using air rotary drilling. 

o Install extraction wells’ pumps and network the wells together to transport extracted 

groundwater to the groundwater treatment system building. 

o Assume the extraction well network will pump at approximately 30 gpm continuously.  

• Groundwater Treatment building: 

o Construct groundwater treatment train consisting of the following elements (see 

Figure E-1): 

▪ OWS, 

▪ Polyphosphate addition/neutralization system, 

▪ Heat exchanger, 

▪ Air stripper, 

▪ Vapor-phase carbon system, and  

▪ Discharge to POTW/sewer 

o The treatment system will be contained in a newly constructed treatment building, to 

be staffed full-time by a treatment plant operator.  

o Capital energy costs are included for construction and the first year of operation. 

o Any DNAPL collected by the OWS will be disposed of off-site. 

• Off-Site Disposal:   
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o The treatment system will discharge treated groundwater to the POTW under the 

substantive requirements of a NPDES permit (assume discharge flow will match 

system inflow of 30 gpm). 

o NPDES permit sampling performed daily for VOCs and monthly for other analyses 

o Monthly NPDES reports will be prepared detailing the results of the discharge 

concentrations and volumes. 

o Decontamination water and purge water from groundwater sampling, as well as, 

soil cuttings will be containerized, characterized, and disposed of off-site. 

• O&M Pump and Treat: Annual maintenance of treatment system includes the following: 

o OWS DNAPL off-site disposal, 

o OWS, blower, and motor maintenance and repair, 

o Air stripper maintenance (packing reconditioning and replacement),  

o Annual electricity for pumps, blowers, air stripper, etc., 

o Building upkeep, electricity, and repair, 

o Annual labor for treatment plant operator, 

o NPDES permit sampling, and 

o POTW discharge costs. 

 

4.6 Downgradient Plume AOC In-Situ Treatment 

In-situ treatment (assumed to be sodium peroxide-activated persulfate solution for costing 

purposes), would be performed to treat contamination at the plume for costing purposes. Given 

the large scale of the downgradient plume AOC and expected difficulty in procuring injection sites 

throughout the plume, the in-situ treatment is assumed to use a series of lines of injection points 

oriented perpendicular to groundwater flow, which would allow the reagents to migrate 

downgradient. Full-scale implementation would be designed based on PDI results. 

• Pilot Study: 

o Pilot study duration would be 6 months, including 4 rounds of post-treatment 

monitoring to evaluate aquifer response. 

o The pilot stud would include 4 injection locations with 2 wells each (8 injection 

points total) installed using rotosonic drilling. 

o Available wells from earlier investigations would be used to monitor downgradient 

performance. 

• In-Situ Treatment: 
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o Perform 9 rounds of injections of a sodium peroxide/activated persulfate solution to 

each of the injection locations. Each injection round will address all (100%) of the 

injection locations. 

o Assumed injection ROI is 18 feet, with wells set 30 feet apart to allow overlap.  

o Injections will be performed approximately every 10 months.   

o Potable water will be delivered to the site in 7500-gallon tankers. 

o Each round of injections is assumed to take approximately 18 weeks (100% of 

locations) to complete.  

• In-Situ Treatment Performance Monitoring: 

o Performance monitoring groundwater samples will be collected from 12 monitoring 

wells. 

o One pre-injection and two post-injection performance monitoring events (3 total 

events per round) are assumed for each injection/round.  

o Samples will be analyzed for VOCs only. 

o A performance monitoring competition report will be completed for each round (3 

events) of monitoring, and prior to the next persulfate injection, for a total of 9 

rounds of performance monitoring (with 3 events each). 

 

4.7 Monitoring Well Network Optimization 

Additional wells will be installed to update the CSM. 

• Additional 5 overburden wells installed using rotosonic drilling. 

• Additional 5 bedrock wells installed using air-rotary drilling. 

• Geophysics and packer testing performed for bedrock wells. 

• One initial comprehensive groundwater sampling round would be conducted for all 

available wells to fully characterize the groundwater and to determine the wells to be 

included in long-term monitoring. 

 

4.8 Other Long-Term Remedy Components 

Long-term remedy components include the following: 

• Institutional controls. 

• Sampling of up to 70 monitoring wells. Includes sampling labor, travel, equipment, 

supplies, analysis, data validation, and reporting. 
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• Five-year reviews would be conducted every five years. 

 

5.0 GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment  

Alternative GW-9 uses in-situ chemical treatment at the Nyacol/WAC AOC (same as GW-4 

above) and in the downgradient plume AOC (same as GW-8 above). The GW-9 cost estimate 

includes assumptions below. The Appendix E tables contain additional details. Note that the VMS 

O&M is the responsibility of MassDEP, and those costs are not included in these alternative 

assumptions. 

 

5.1 Pre-Design Investigation 

The pre-design investigation includes: 

• Surveys: site features, wetland delineation. 

• Phase I DNAPL investigation:  

o DPT: DyeLIF to identify chlorinated solvent DNAPL; MiHPT to identify dissolved 

VOCs and profile hydraulic conductivity (100 locations). 

o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

• Phase II DNAPL investigation:  

o Rotosonic drilling (overburden and bedrock) with continuous sampling (30 

locations). 

o Install DNAPL recovery wells (20 overburden and 10 shallow bedrock). 

o DPT groundwater profiling to confirm dissolved concentrations (15 locations, 10 

samples/location). 

o Rock ring/matrix diffusion evaluation: 7 locations. 

o Collect soil samples for VOC, SVOC, physical properties analysis. 

• Nyacol/WAC AOC groundwater evaluation:  

o install additional wells (areas not included in DNAPL evaluation): 6 overburden 

(rotosonic), 10 bedrock (4 rotosonic, 6 air rotary). 

o One round of comprehensive sampling (65 wells). 

• Nyacol/WAC AOC DNAPL/ISCO pilot study (6 months) 

o The pilot study would use the installed Phase II recovery wells. 

o Collect DNAPL characterization samples (20 wells). 
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o Perform hydraulic fracturing in 1 overburden and 1 bedrock boring. 

o ISCO pilot study would include injections into existing wells and 4 rounds of post-

treatment monitoring to evaluate aquifer response. 

 

5.2 Site Preparation and Mobilization/Demobilization 

Field equipment and support services would be mobilized, and the site prepared for 

construction/remedy implementation. 

• Assume field activities (not including O&M) will take approximately 70 months. 

• Brush will be cleared, and drill pads/other infrastructure added as needed. 

• Coordinate with property owners and railroad right-of-way. 

• Conduct a pre-construction survey of the entire Nyanza Site.  

• Prepare decontamination facilities and pad. 

 

5.3 Nyacol/WAC AOC DNAPL Extraction 

Recoverable DNAPL will be removed to the extent possible. 

• An additional 10 overburden and 5 bedrock DNAPL extraction wells will be installed. 

• Post-step drilling optimization includes 5 additional bedrock boreholes with hydraulic 

fracturing. 

• 40 extraction wells are assumed to contain recoverable DNAPL and included in future 

O&M plans (20 wells from the PDI and 20 wells from the complete DNAPL extraction noted 

above). 

• DNAPL recovery would be performed monthly (manual recovery using bailer or pumping) 

for 5 years. 

 

5.4 Nyacol/WAC AOC In-Situ Treatment 

In-situ treatment (assumed to be ISCO for costing purposes), would be performed to treat 

contamination at the Nyacol/WAC AOC. Potassium persulfate is assumed to be used because it 

is the only ISCO reagent capable of breaking down the chlorinated benzenes while achieving 

adequate aquifer distribution. Full-scale implementation would be designed based on PDI results. 

• Install injection points: 
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o An additional 90 injection wells (50 overburden and 40 bedrock) would be installed, 

for a total of 80 overburden injection points and 55 bedrock injection points using 

existing wells. 

o 12 overburden and 12 shallow bedrock injection points would be installed using 

directional drilling. 

o Deep bedrock wells installed would have borehole geophysics, packer sampling, 

and hydraulic testing. 

o Overburden depths assumed to average 30 feet bgs; shallow bedrock assumed to 

average 45 feet bgs; limited deep bedrock drilling (along the landfill slope) to 100 

feet bgs. 

• In-situ treatment: 

o Perform 4 injections of a sodium peroxide-activated persulfate solution. Injections 1 

and 2 will address all injection locations and injections 3 and 4 will be directed at 

50% of the initial injection locations.  

o Assumed ROI of the injections is 18 feet, with 30 foot spacing to allow overlap. 

o Potable water will be delivered to the site in 7500-gallon tankers. 

o Each round of injections is assumed to take approximately 24 weeks (100% of 

locations) to complete.  

• In-Situ Treatment Performance Monitoring:  

o Performance monitoring groundwater samples will be collected from 12 groundwater 

monitoring well locations (100% of total) per event for events 1 through 3, and from 

9 wells (75% of total) from the fourth and final performance monitoring event. 

o One pre-injection and three post-injection performance monitoring events are 

assumed for each persulfate injection.  

o Samples will be analyzed for VOCs only. 

o A performance monitoring completion report will be completed for each round (4 

events) of monitoring, and prior to the next persulfate injection. 

 

5.5 Downgradient Plume AOC In-Situ Treatment 

In-situ treatment (assumed to be sodium peroxide-activated persulfate solution for costing 

purposes), would be performed to treat contamination at the plume for costing purposes. Given 

the large scale of the downgradient plume AOC and expected difficulty in procuring injection sites 

throughout the plume, the in-situ treatment is assumed to use a series of lines of injection points 
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oriented perpendicular to groundwater flow, which would allow the reagents to migrate 

downgradient. Full-scale implementation would be designed based on PDI results. 

• Pilot Study: 

o Pilot study duration would be 6 months, including 4 rounds of post-treatment 

monitoring to evaluate aquifer response. 

o The pilot stud would include 4 injection locations with 2 wells each (8 injection 

points total) installed using rotosonic drilling. 

o Available wells from earlier investigations would be used to monitor downgradient 

performance. 

• In-Situ Treatment: 

o Perform 9 rounds of injections of a sodium peroxide/activated persulfate solution to 

each of the injection locations. Each injection round will address all (100%) of the 

injection locations. 

o Assumed injection ROI is 18 feet, with wells set 30 feet apart to allow overlap.  

o Injections will be performed approximately every 10 months.   

o Potable water will be delivered to the site in 7500-gallon tankers. 

o Each round of injections is assumed to take approximately 18 weeks (100% of 

locations) to complete.  

• In-Situ Treatment Performance Monitoring: 

o Performance monitoring groundwater samples will be collected from 12 monitoring 

wells. 

o One pre-injection and two post-injection performance monitoring events (3 total 

events per round) are assumed for each injection/round.  

o Samples will be analyzed for VOCs only. 

o A performance monitoring competition report will be completed for each round (3 

events) of monitoring, and prior to the next persulfate injection, for a total of 9 

rounds of performance monitoring (with 3 events each). 

 

5.6 Monitoring Well Network Optimization 

Additional wells will be installed to update the CSM. 

• Additional 5 overburden wells installed using rotosonic drilling. 

• Additional 5 bedrock wells installed using air-rotary drilling. 

• Geophysics and packer testing performed for bedrock wells. 
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• One initial comprehensive groundwater sampling round would be conducted for all 

available wells to fully characterize the groundwater and to determine the wells to be 

included in long-term monitoring. 

 

5.7 Other Long-Term Remedy Components 

Long-term remedy components include the following: 

• Institutional controls. 

• Sampling of up to 70 monitoring wells. Includes sampling labor, travel, equipment, 

supplies, analysis, data validation, and reporting. 

• Five-year reviews would be conducted every five years. 
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1.0 INTRODUCTION 

This Appendix details the methodology used to estimate the time each remedial action alternative 

will take to achieve the groundwater target concentrations identified for the Nyanza Chemical 

Waste Dump Site (“Site”), Operable Unit 2 (OU2).  

 

The FS has selected six initial groundwater remedial action alternatives and two additional 

groundwater remedial action alternatives for detailed evaluation, as described below: 

 

GW-1: No further action 

GW-2: Limited action, including optimization/expansion of current DNAPL extraction systems 

GW-4: Nyacol/WAC area of concern (AOC) DNAPL extraction and in-situ treatment 

GW-5: Nyacol/WAC AOC DNAPL extraction, in-situ treatment and limited pump and treat 

GW-8: Nyacol/WAC AOC DNAPL extraction, in-situ treatment and limited pump and treat; 

downgradient plume AOC in-situ treatment 

GW-9: Nyacol/WAC AOC DNAPL extraction and in-situ treatment; downgradient plume AOC in-

situ treatment 

 

DNAPL removal is ongoing at the Nyacol/WAC AOC, and ICF (2006) identified a large potential 

DNAPL zone that extends across the railroad tracks between the Nyacol and WAC properties. 

Remediation of this area to meet risk-based standards for vapor intrusion impacts from 

groundwater is not expected to be feasible, as it would involve eliminating all DNAPL and sorbed 

contamination and then reducing the concentration of the primary contaminant of concern (COC), 

trichloroethene (TCE) in groundwater by more than 3 orders of magnitude or 99.98%. Instead, 

the compliance boundary for vapor intrusion will be the upgradient edge of the current 

downgradient plume in the overburden (west of MW-203B). 

 

For comparison purposes, only chlorinated ethenes are evaluated (TCE, 1,2-DCE and VC) to 

provide a relative comparison for the estimates of time to achieve target concentrations. TCE was 

the only chlorinated ethene found in the presumed source (DNAPL as represented by 

concentrations in MW-113A). Chlorinated benzene degradation is more complicated because 

chlorobenzene, 1,2-dichlorobenzene (DCB), and 1,4-DCB were all detected in high 

concentrations in the DNAPL (Nobis, 2018); therefore, it is difficult to determine to what extent 

the downgradient concentrations are from degradation of a source chlorinated benzene versus 
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the original contaminant. Therefore, an evaluation of chlorinated benzene degradation and 

cleanup timeframes was not performed. 

 

2.0 APPROACH 

The computer model REMChlor (Falta, et. Al, 2007) was used to estimate the time to achieve 

PRGs for each remedial alternative. This model has been developed to predict chlorinated volatile 

organic compound (CVOC) concentrations in groundwater downgradient of a CVOC source. It 

models the sequential decay of up to three daughter CVOCs resulting from the degradation of a 

parent CVOC. The decay rates and parent/daughter yield coefficients are variable functions of 

time and distance. This approach allows for flexible simulation of enhanced plume degradation 

that may be temporary in time, limited in space, and which may have different effects on different 

contaminant species in the decay chain.  

 

The contaminant source model is based on a power function relationship between source mass 

and source discharge, and it can consider partial source remediation at any time after the initial 

release. The relationship between source mass and source discharge is represented by the 

variable “Gamma” which is estimated for each source area based on the change in dissolved 

concentration with time in wells located near each source area. 

 

The source model serves as a time-dependent mass flux boundary condition to the analytical 

plume model, where flow is assumed to be one-dimensional. The following sections detail the 

approach used.  

 

2.1 Calibration 

Model development began with calibration from three sample rounds selected for their relative 

completeness and to show variance over time: 1988 (Remedial Investigation), 2003, and 2015 

(the most complete recent sampling round). Once the model was calibrated to the groundwater 

results, the model time was extended out until the remedial goals were achieved. The input 

parameters were then adjusted to evaluate different modeling scenarios for each of the remedial 

alternatives. 

 

The model for contaminated groundwater migration was calibrated using groundwater analytical 

results from the following wells along a flow line migrating from the assumed source area (area 
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downgradient of the former vault) to the overburden hotspot associated with MW-115B and from 

there to the Sudbury river east of Main Street.  See Figure F-1.  This contaminant flow line reflects 

the apparent impact of shallow bedrock contamination following a northeast-southwest fracture 

zone that passes beneath Nyacol/WAC. For modeling purposes, the shallow bedrock in the 

Nyacol/WAC AOC was assumed to have the same physical properties as the overburden. Data 

from shallow bedrock/deep overburden wells were used for the source area, which is in an area 

in which the top of bedrock elevation is relatively high, outside of a mapped bedrock trough 

between the railroad tracks and the WAC building (FS Figure 1-8); overburden monitoring well 

data were used in the downgradient plume AOC. Data from the following wells were used, in order 

along the flow line: MW/B-5 and MW-113A (assumed to be the source area); ERT-1D (damaged 

prior to 2003; deepest well in cluster used); MW-203B and MW-202; MW-201; MW-115B; RMW-

405B; and RMW-403B. Attachment A provides the concentrations for each of the three calibration 

years. Table F-1 summarizes the model input values for baseline conditions and for each of the 

active alternatives. 

 

Based on details in the Massachusetts Department of Environmental Quality Engineering (DEQE) 

Preliminary Site Assessment (DEQE, 1980), liquid wastes were collected in sewers and partially 

treated as early as 1919. The collection tank shown in Figure 7 of the DEQE report is assumed 

to be the concrete vault identified as a potential source of dense non-aqueous phase liquid 

(DNAPL) by ICF, 2006. Incidental contamination may have occurred via overflow to the drainage 

ditch south of the railroad tracks during regular operations. In addition, a process change in 1960 

resulted in production of excess sludge, and DEQE estimated that 50% of the wastewater was 

bypassed without treatment. The wastewater bypass lines were removed in 1971. Therefore, the 

initial release time for the baseline conditions model calibration is assumed to be 1960. 

 

The model was calibrated by comparing model predictions to groundwater concentrations 

measured in 1988, 2003, and 2015. The calibration process included varying transport 

parameters including groundwater velocity, dispersion coefficients, sorption coefficients as well 

as individual compound yield and degradation coefficients until a satisfactory fit between the 

model predictions and measured values was achieved. Starting input properties and their sources 

are shown in Attachment A. Significant parameters/starting values, including any deviations from 

previous values, are described below: 
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• The initial groundwater Darcy velocity was set at 0.061 feet/day, or 6.8 m/year, based on 

overburden southern flow line values from Table 4-5 of Nobis (2016). More northerly flow 

lines were not used because of potential influences from the Sudbury River.  

 

• The TCE retardation factor had not been previously calculated for the Site. As noted by 

Riley et al., 2006, when contaminants have been in contact with the contaminated media 

for extended periods (on the order of decades for the Site), these contact times may not 

be practical to reproduce in a laboratory, and retardation may be minimal. Using the 

formula for retardation factor (R) as R = 1+(Kd*ρd/n), a TCE sorption distribution coefficient 

(Kd) of 0.08 L/kg based on a soil with minimal organic carbon (from Riley et al., 2006, 

Table 5), a soil density of 1.5 kg/L, and a porosity of 0.25, the calculated R would be 1 + 

(0.08 * 1.5 / 0.25) = 1.5.  

 

• The original source mass is unknown, as the contamination in the Nyacol/WAC AOC likely 

is the result of several decades of leakage from the concrete vault and the bypass piping 

to the drainage ditch. As an initial estimate, the TCE original source mass was assumed 

to be 34,000 kg.  

 

• The initial source width was based on the potential DNAPL zone and assumed to be 100 

m (ICF, 2006). Source zone thickness is based on the volume calculated by ICF (564 

m3/0.35), divided by the 2-acre potential DNAPL area (1611 m3 / 8093 m2), for a DNAPL-

impacted soil thickness of 0.2 m. However, this value resulted in a steep drop-off in 

concentrations close to the source zone, with a poor fit especially for the 1988 results. 

Therefore, the source zone thickness was increased to 2 m, which may be more 

representative of the vertical soil heterogeneities expected. 

 

• Longitudinal dispersion in REMChlor uses a scale-dependent dispersivity, SigmaV. An 

initial SigmaV of 0.1412 was used to result in a longitudinal dispersivity (alpha x) set to 

1/100 of the travel distance. Transverse dispersivity (alpha y) was set to 0.4 m, or 

approximately 1/10 of the longitudinal dispersivity at the plume midpoint, while vertical 

dispersivity (alpha z) was set to 0.04 m or 1/10 of the transverse dispersivity. 

 

• The decay rates for the plume components were adjusted to match concentration trends 

for all three calibration years. The same decay rate was used throughout all time steps. 
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The TCE and 1,2-DCE decay rates were increased slightly at a distance of 200 m from 

the source zone, assuming that some minor additional biodegradation was possible away 

from the highest TCE concentrations. The TCE value is in the low range for values 

recommended by Biochlor documentation (US Environmental Protection Agency [EPA], 

2000) (0.07/yr to 1.2/yr); the 1,2-DCE value is in the moderately low range recommended 

(0.18/yr to 3.3/yr); and the vinyl chloride value is high compared to the recommended 

range (0.12/yr to 2.6/yr). Decay rates were also increased 750 feet from the source zone 

to account for apparent significant drops in concentration beneath the Sudbury River. 

 

• The yield ratios for the plume components were initially based on the molecular weight 

ratios. However, 1,2-DCE may also degrade abiotically and through other reactions that 

may not produce vinyl chloride. Predicted vinyl chloride concentrations were also higher 

than the actual concentrations, especially at the plume fringe. Therefore, the yield from 

1,2-DCE to vinyl chloride was reduced by 25% to account for these other reactions. 

 

• Gamma, used to represent source degradation, was set at 2. This value represents an 

older, stable source zone and is the best fit for the data for all three calibration years. A 

minor amount of source decay (0.005/year) was used based on the concentrations shown 

and an assumption that the source zone concentrations are too high to have significant 

biodegradation. 

 

• The current DNAPL recovery system removes approximately 250 gallons of liquid each 

year, of which approximately 20% (50 gal, or 189 L) is free-phase DNAPL. With a density 

of 1.233 kg/L, 233 kg of DNAPL are removed annually, of which approximately 5% by 

weight (based on 2015 DNAPL sampling results) is TCE. Therefore, the TCE mass 

removal rate would be 11.7 kg per year starting in 2013, 53 years after the source is 

assumed to have been emplaced. This rate is well below the abiotic source decay rate 

determined above and was used for only the last two years of the calibration run; therefore, 

it was not incorporated into the calibration. 

 

Attachment A contains the calibration results and input parameters. 
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2.2 Remedial Alternative Development 

The calibrated model was developed based on existing data as discussed above. The timeframe 

was then extended to determine the time to achieve the target groundwater concentrations for 

the rate limiting COC (TCE). In order to estimate the time to complete remediation, two target 

goals were used for comparison:  

 

• Site-specific risk-based vapor intrusion screening level (VISL) based on residential 

exposure, a target risk of 1x10-4, a hazard quotient of 1, a groundwater temperature of 

15°C (8 µg/L), and a site-specific natural attenuation rate based on the presence of fine-

grained material in shallow soils: 16 µg/L.  

• Interim target level base on ten times the site-specific VISL: 160 µg/L. 

 

Input values are summarized in Table F-1. Table F-2 summarizes the resulting time to achieve 

PRGs for several locations, ranging from the immediate vicinity of the modeled source to the start 

of the downgradient hotspot. 

 

GW-1: No Further Action 

GW-1 is the base case (no further action) alternative. The assumptions used for the calibration 

were used. The input values and resulting curves in Attachment B indicate that the estimate to 

reach remediation targets are as follows: 

 

• Site-specific VISL:  

o Start of the downgradient plume (200 m from the source): 570 years from 2020 

o Source area (10 m from the source): 680 years from 2020 

• Interim target level: 

o Start of the downgradient plume (200 m from the source): 340 years from 2020 

o Source area (10 m from the source): 680 years from 2020: 460 years from 2020 

 

Table F-2 provides a summary of the time to achieve criteria for all five target points shown in 

Figure F-1: the source area, downgradient edge of WAC, start of downgradient TCE plume, start 

of VMS area, and start of the downgradient hotspot. 
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GW-2: Limited Action (enhanced DNAPL recovery) 

To simulate the limited action identified in SA-2, it was assumed that 20% of the source mass 

could be recovered via 40 targeted DNAPL recovery wells and enhanced DNAPL recovery 

(optional additional work). Recoverable DNAPL extraction is assumed to continue for 5 years. 

After recoverable DNAPL has been removed, minor additional degradation is assumed close to 

the source area, doubling the near-source decay rate to 0.1/yr for TCE, increasing the decay rate 

by the same amount (0.05/yr) for 1,2-DCE and VC, and maintaining that increased decay rate 

downgradient. 

 

The input values and resulting curves in Attachment C indicate that indicate that the estimate to 

reach remediation targets are as follows: 

 

• Site-specific VISL:  

o Start of the downgradient plume (200 m from the source): 500 years from 2020 

o Source area (10 m from the source): 650 years from 2020 

• Interim target level: 

o Start of the downgradient plume (200 m from the source): 280 years from 2020 

o Source area (10 m from the source): 680 years from 2020: 420 years from 2020 

 

Table F-2 provides a summary of the time to achieve criteria for all five target points shown in 

Figure F-1: the source area, downgradient edge of WAC, start of downgradient TCE plume, start 

of VMS area, and start of the downgradient hotspot. 

 

GW-4: DNAPL Extraction and In-Situ Treatment (Nyacol/WAC AOC only) 

To simulate the DNAPL removal followed by in-situ treatment at Nyacol/WAC AOC (no follow-on 

pump and treat) it was assumed that DNAPL removal and in-situ treatment would remove 90% of 

the total source material in a 5-year period. Similar to GW-2, additional degradation is assumed 

close to the source area after recoverable DNAPL is removed. Given that significant additional 

source mass is removed, the decay rate after remediation (70 years) is assumed to increase 

again slightly (by 0.01) for all three chlorinated ethenes downgradient. The downgradient (200 to 

750 m) decay rate is anticipated to increase slightly with the reduction of source concentrations 
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The input values and resulting curves in Attachment D indicate that the estimate to reach 

remediation targets are as follows: 

 

• Site-specific VISL:  

o Start of the downgradient plume (200 m from the source): 114 years from 2020 

o Source area (10 m from the source): 275 years from 2020 

• Interim target level: 

o Start of the downgradient plume (200 m from the source): 22 years from 2020 

o Source area (10 m from the source): 680 years from 2020: 45 years from 2020 

 

Note that the furthest downgradient concentrations have a longer time to achieve 10x the SS VISL 

because of the time required for the plume to attenuate in the downgradient plume, which does 

not have any active treatment component. 

 

Table F-2 provides a summary of the time to achieve criteria for all five target points shown in 

Figure F-1: the source area, downgradient edge of WAC, start of downgradient TCE plume, start 

of VMS area, and start of the downgradient hotspot. 

 

GW-5: DNAPL Extraction, In-Situ Treatment and Pump and Treat (Nyacol/WAC AOC only) 

To simulate the DNAPL removal followed by in-situ treatment at Nyacol/WAC AOC, followed by 

limited groundwater pump and treat, it was assumed that DNAPL removal and in-situ treatment 

would remove 90% of the total source material in a 5-year period, and that follow-on pump and 

treat would capture a further 50% of the remaining mass for a total of 95% removal. It is assumed 

that groundwater pump and treat will be started after ISCO is complete (after 5 years) and stopped 

once asymptotic removal rates are achieved within 10 years. Plume control is assumed to occur 

within 1 year of groundwater extraction system startup. Similar to GW-2, additional degradation 

is assumed close to the source area after recoverable DNAPL is removed. Given that significant 

additional source mass is removed, the decay rate after remediation (75 years) is assumed to 

increase again slightly (by 0.02 more than GW-2 and by 0.01 more than GW-4) for all three 

chlorinated ethenes downgradient. The downgradient (200 to 750 m) decay rate is anticipated to 

increase slightly with the reduction of source concentrations.  
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The input values and resulting curves in Attachment E indicate that the estimate to reach 

remediation targets are as follows: 

 

• Site-specific VISL:  

o Start of the downgradient plume (200 m from the source): 26 years from 2020 

o Source area (10 m from the source): 140 years from 2020 

• Interim target level: 

o Start of the downgradient plume (200 m from the source): 22 years from 2020 

o Source area (10 m from the source): 680 years from 2020: 15 years from 2020 

 

Note that the furthest downgradient concentrations have a longer time to achieve 10x the SS VISL 

because of the time required for the plume to attenuate in the downgradient plume, which does 

not have any active treatment component. 

 

Table F-2 provides a summary of the time to achieve criteria for all five target points shown in 

Figure F-1: the source area, downgradient edge of WAC, start of downgradient TCE plume, start 

of VMS area, and start of the downgradient hotspot. 

 

GW-8: DNAPL Extraction, In-Situ Treatment and Pump and Treat (Nyacol/WAC AOC) and 
In-Situ Treatment (Downgradient Plume AOC) 

GW-8 includes the same components as GW-4 for the source area (95% source removal from 60 

to 71 years after 1960). In addition, the downgradient plume (400 to 750 m from the source) would 

be treated using in-situ chemical injection, with an estimated 90% removal rate, starting at the 

same time as the start of source area chemical injection. The addition of chemicals (including 

potential bioaugmentation) is assumed to improve the chemical decay rate post-injection by 

removing residual contamination, as described below.  

 

Clu-in.org, 2012 provides an equation to estimate the decay rate of a contaminant based on any 

aqueous phase removal process:  

 

λ = (-V / WΦ) * ln(COUT/CIN) or  

λ = (-V / WΦ) * ln(1-flux reduction)  

where λ = decay rate, W = treatment area width, Φ = porosity, and V = Darcy velocity.  
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The decay rate for the treatment zone would therefore be:  

 

λ = (-6.8 / [350 * 0.25]) * ln(1 – 0.9) = 0.18/year.  

 

This additional decay rate for in-situ treatment was added to the baseline decay rates for TCE, 

1,2-DCE and VC as described for GW-5 (0.13, 0.85, and 3.08, respectively) in the treatment area. 

Post-injection decay rates for the injection and downgradient zone were assumed to be 25% of 

the “added” treatment decay rates, or 0.05/year more than the post-treatment rate as described 

for GW-5 (0.15, 0.87, and 3.07, respectively for TCE, 1,2-DCE and VC in the treatment zone). 

 

The input values and resulting curves in Attachment F indicate that the estimate to reach 

remediation targets are as follows: 

 

• Site-specific VISL:  

o Start of the downgradient plume (200 m from the source): 26 years from 2020 

o Source area (10 m from the source): 140 years from 2020 

• Interim target level: 

o Start of the downgradient plume (200 m from the source): 22 years from 2020 

o Source area (10 m from the source): 680 years from 2020: 15 years from 2020 

 

Note that the furthest downgradient concentrations have a longer time to achieve 10x the SS VISL 

because of the time required for the plume to attenuate in the downgradient plume, which does 

not have any active treatment component. The added impact of plume treatment is apparent in 

the most downgradient portion of the plume when using the site specific VISL, after 500 m. 

 

Table F-2 provides a summary of the time to achieve criteria for all five target points shown in 

Figure F-1: the source area, downgradient edge of WAC, start of downgradient TCE plume, start 

of VMS area, and start of the downgradient hotspot. 

 

GW-9: DNAPL Extraction and In-Situ Treatment (Nyacol/WAC AOC); In-Situ Treatment 
(Downgradient Plume AOC) 

GW-9 includes the same components as GW-4 in the Nyacol/WAC AOC.  
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GW-9 includes the same downgradient plume AOC components as GW-8: 90% removal rate, 

starting at the same time as the start of source area chemical injection and estimated additional 

decay rate of 0.18/year during injection and 0.09/year after injection. This additional decay rate 

for in-situ treatment was added to the baseline decay rates for TCE, 1,2-DCE and VC as described 

for GW-4 (0.13, 0.85, and 3.08, respectively) in the treatment area. Post-injection decay rates for 

the injection and downgradient zone were assumed to be 25% of the “added” treatment decay 

rates, or an 0.05/year more than the post-treatment rate as described for GW-5 (0.15, 0.87, and 

3.07, respectively for TCE, 1,2-DCE and VC in the treatment zone). 

 

The input values and resulting curves in Attachment G indicate that the estimate to reach 

remediation targets are as follows: 

 

• Site-specific VISL:  

o Start of the downgradient plume (200 m from the source): 114 years from 2020 

o Source area (10 m from the source): 275 years from 2020 

• Interim target level: 

o Start of the downgradient plume (200 m from the source): 22 years from 2020 

o Source area (10 m from the source): 680 years from 2020: 45 years from 2020 

 

Note that the furthest downgradient concentrations have a longer time to achieve 10x the SS VISL 

because of the time required for the plume to attenuate in the downgradient plume AOC, which 

does not have any active treatment component. The added impact of plume treatment is apparent 

in the most downgradient portion of the plume when using the site specific VISL, after 500 m. 

 

Table F-2 provides a summary of the time to achieve criteria for all five target points shown in 

Figure F-1: the source area, downgradient edge of WAC, start of downgradient TCE plume, start 

of VMS area, and start of the downgradient hotspot. 

 

3.0 UNCERTANTY 

The model input values have varying degrees of uncertainty. These in turn will result in uncertainty 

in the model predictions. Some of the major controlling assumptions and/or sources of uncertainty 

in the model predictions include: 
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• unknown source mass and timing of release; 

• the model assumes groundwater contamination along the flow line is only in the dissolved 

phase; 

• contaminant decay rates for other COCs (i.e. those not related to TCE decay) may vary 

significantly from the calibration rates used in these calculations;  

• the model assumes steady-state 1-dimensional groundwater flow only in and from 

overburden; 

• post-remediation decay rates; and  

• the very long timeframe over which some model predictions are made. 

 

The model assumes a single source (one release); however, the DNAPL at the Nyacol/WAC AOC 

is likely to have been released from the vault and via bypass to the railroad ditch slowly over time. 

It is reasonable to assume as well that the chemistry and characteristics of this source may have 

changed over time as the operations and processes evolved over time.  The selected year of 

release (1960) was chosen because it appeared to be the most likely start of significant 

contamination (from a process change resulting in poor control of wastewater); however, the 

facility operated for 60 years and minimal disposal records are available for most of that time. The 

current source mass estimate is based on calculations by ICF (2006) and is likely to be 

conservative in terms of total mass, but the exact location of the bulk of the source is unknown at 

this time.  

 

Given the age and extent vertically and laterally of the inferred DNAPL contamination, it is likely 

that a significant volume of overburden has been impacted by contaminant mass that has sorbed 

to soil matrix (sorbed contaminant mass) from the dissolved VOC plume. In addition, bedrock 

contamination may have short circuited some of the overburden contamination, allowing higher 

levels of contamination to enter the flowline. One example may be the hotspot in the vicinity of 

the MW-115A/B cluster. The presence of higher concentrations than would be calculated by 

overburden flow rates complicates the model calibration, as some areas may have anomalously 

high concentrations. 

 

Initial contaminant decay rates were developed based on the model calibration. Some amount of 

additional contaminant degradation is expected once the highest concentrations are reduced, 

because the overall aquifer toxicity would be reduced. However, the extent to which this would 
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occur is based on the totality of the aquifer, including: concentrations of other contaminants, 

stabilized geochemistry that may support or inhibit degradation; the presence of microbes capable 

of in-situ biodegradation; and the stratigraphy in the immediate vicinity of the contamination. 

Conservative assumptions were used to develop these degradation estimates. 

 

The time estimates are based on calibration to current conditions; however, these are subject to 

change over time, and longer timeframes increase this uncertainty. Other factors that may change 

over time include changes in recharge and water levels (increase or decrease in infiltration or 

evapotranspiration from development, Sudbury River dam configuration changes); geochemistry 

changes from ongoing biodegradation; and changes in overall contaminant profile over time. 

 

The model calibration process is intended to reduce uncertainty resulting from the uncertain input 

values. The calibration process results in a model that can reasonably reproduce the historical 

sampling results. However, different input values may result in a similar degree of model 

calibration (i.e. non-unique solution). Notwithstanding these limitations and uncertainties, the 

model predictions are anticipated to be reasonable “order of magnitude” predictions of the time to 

achieve PRGs. The model provides a consistent framework within which the alternatives can be 

compared. As a result, it is anticipated that the relative rankings of time to achieve PRGs between 

alternatives are likely to be less affected by the above uncertainties.  

 

4.0 SENSITIVITY ANALYSIS 

A sensitivity analysis was performed to address the degree to which uncertainty in model input 

parameters affect model predictions. The analysis varied model input parameters to see the 

impact on predicted time to achieve PRGs, using variances considered to be reasonable given 

current Site knowledge. GW-8 was used as the base case for the sensitivity analysis. The 

sensitivity analysis results are provided in Attachment H and summarized in Table F-3. 

 

The parameters related to source area geometry and behavior are critical because the mass flux 

out of the source zone is related to the source geometry in a non-linear relationship. The next 

most sensitive parameter is the TCE degradation rate. Groundwater transport (groundwater 

velocity) has a smaller impact on the model predictions.  

 



Appendix F 

 14 Nobis Engineering, Inc. 

5.0 REFERENCES 

Clu-in.org, 2012. Practical Models to Support Remediation Strategy Decision-Making – Part 5. 

November 7. 

DEQE, 1980. Nyanza Chemical Waste Dump, Megunco Road, Ashland, Massachusetts, 

Preliminary Site Assessment Report. October 23. 

Ebasco, 1991. Draft Final Remedial Investigation Report, Nyanza II – Groundwater Study. 

Ashland, Massachusetts. April. 

EPA, 2000. BIOCHLOR Natural Attenuation Decision Support System User’s Manual, Version 

1.0. Document EPA/600/R-00/008. January 2000. 

Falta, R. W., M.B. Stacy, A.N.M. Ahsanuzzaman, M. Wang, and R.C. Earle, 2007. REMChlor-

Remediation Evaluation Model for Chlorinated Solvents. September 7, 2007.  

ICF, 2006. Final DNAPL Alternatives Memorandum, Nyanza Chemical Waste Dump Superfund 

Site, Operable Unit II, Ashland, Massachusetts. June 16. 

Nobis, 2016. 2015 Groundwater Monitoring Data Summary, Nyanza Chemical Waste Dump – 

Operable Unit 2, Ashland, Massachusetts. December. 

Nobis, 2018. Draft DNAPL Extraction System Operations and Maintenance Report #4, Nyanza 

Chemical Waste Dump – Operable Unit 2, Ashland, Massachusetts. September. 

Riley, R. G., Szecsody, J. E., Mitroshkov, A. V. and Brown, C. F. 2006. Desorption behavior of 

trichloroethene and tetrachloroethene in U.S. Department of Energy Savannah River Site 

unconfined aquifer sediments. Pacific Northwest National Laboratory. June. 

Suarez, M. P. and Rifai, H. S, 1999. Biodegradation rates for fuel hydrocarbons and chlorinated 

solvents in groundwater. Bioremediation Journal, vol. 3, issue 4, pp. 337-362. 

 

 



Table F-1
Input Properties and Sources

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 2

Parameter Value Unit Source

Source concentration 0.055 g/L 1988 MW-113A concentration (reduced slightly during calibration)
Source mass 34,000 kg Sorbed + dissolved overburden/bedrock interface TCE mass from Table 2-6
Gamma 2 (unitless) Old, stable source zone (no significant change during calibration)
Source Width 100 m Approximate DNAPL zone width from ICF, 2006 perpendicular to flow
Source Depth 2 m Original DNAPL thickness from ICF, 2006 modified during calibration
Darcy Velocity 6.8 m/year Southern overburden flow line from Table 4-5, Nobis, 2016
Porosity 0.25 (unitless) Estimate based on literature for a fine sand/silty sand
Source Decay 0.005 1/year Estimated based on calibration of near-source concentrations
Retardation Factor 1.5 (unitless) Based on TCE Kd from other field sites with old contamination. See text.
SigmaV 0.1412 (unitless) Scale-dependent moderate dispersivity (1/100 travel distance)
vMax 1.6 (unitless) Calculated from SigmaV as recommended in REMChlor user's manual
vMin 0 (unitless) Typical value recommended in REMChlor user's manual
No. streamtubes 100 (unitless) Used to provide reasonable solution smoothness while minimizing runtime
alpha y 0.4 m Approximately 1/10 of longitudinal dispersivity at plume midpoint
alpha z 0.04 m 1/10 transverse dispersivity
Yield 2 from 1 0.74 (unitless) Calculated based on TCE-DCE molecular weight ratio
Yield 3 from 2 0.161 (unitless) Calculated based on DCE-VC molecular weight ratio, reduced by 25%
Initial TCE decay rate 0-200m 0.05 1/year Developed from calibration; used BioChlor manual suggested range to start
Initial TCE decay rate 200-750m 0.08 1/year Developed from calibration; used BioChlor manual suggested range to start
Initial TCE decay rate 750+m 1.0 1/year Developed from calibration; used BioChlor manual suggested range to start
Initial DCE decay rate 0-200m 0.8 1/year Developed from calibration; used BioChlor manual suggested range to start
Initial DCE decay rate 200-750m 0.8 1/year Developed from calibration; used BioChlor manual suggested range to start
Initial DCE decay rate 750+m 0.8 1/year Developed from calibration; used BioChlor manual suggested range to start
Initial VC decay rate 0-200m 3 1/year Developed from calibration; used BioChlor manual suggested range to start
Initial VC decay rate 200-750m 3 1/year Developed from calibration; used BioChlor manual suggested range to start
Initial VC decay rate 750+m 3 1/year Developed from calibration; used BioChlor manual suggested range to start

Fraction removed 0.2 (unitless) Assume that 20% of source mass is recoverable DNAPL after enhanced recovery
Remediation Start 60 year Assume start enhanced DNAPL extraction in 2020
Remediation End 65 year Assume end enhanced DNAPL extraction 5 years after start
Final TCE decay rate 0-200m 0.1 1/year Assume decay rate modified to rest of plume after DNAPL extraction
Final DCE decay rate 0-200m 0.85 1/year Assume decay rate modified to rest of plume after DNAPL extraction
Final VC decay rate 0-200m 3.05 1/year Assume decay rate modified to rest of plume after DNAPL extraction

Fraction removed 0.90 (unitless) Assume 90% removal by ISCO/DNAPL recovery
Remediation Start 60 year Assume start DNAPL extraction/ISCO in 2020
Remediation End 70 year Assume 5 years DNAPL, then 5 years ISCO
Final TCE decay rate 0-200m 0.11 1/year Assume decay rate in plume increased after source treatment begins
Final DCE decay rate 0-200m 0.86 1/year Assume decay rate in plume increased after source treatment begins
Final VC decay rate 0-200m 3.06 1/year Assume decay rate in plume increased after source treatment begins

Fraction removed 0.95 (unitless) Assume 90% removal by ISCO/DNAPL recovery + another 5% by pump and treat
Remediation Start 60 year Assume start DNAPL extraction/ISCO in 2020
Remediation End 71 year Assume 5 yr DNAPL, then 5 yr ISCO, then source GW capture 1 yr after ISCO end
Final TCE decay rate 0-200m 0.12 1/year Assume decay rate in plume increased after source treatment begins
Final DCE decay rate 0-200m 0.87 1/year Assume decay rate in plume increased after source treatment begins
Final VC decay rate 0-200m 3.07 1/year Assume decay rate in plume increased after source treatment begins

Fraction removed 0.95 (unitless) Assume 90% removal by ISCO/DNAPL recovery + another 5% by pump and treat
Remediation Start 60 year Assume start  ISCO in 2020
Remediation End 71 year Assume 5 yr DNAPL, then 5 yr ISCO, then source GW capture 1 yr after ISCO end
Active TCE decay rate 400-750m 0.31 1/year Calculated from Clu-in.org equation for ISCO simulation (10 years)
Active DCE decay rate 400-750m 1.03 1/year Calculated from Clu-in.org equation for ISCO simulation (10 years)
Active VC decay rate 400-750m 3.23 1/year Calculated from Clu-in.org equation for ISCO simulation (10 years)
Final TCE decay rate 400-750m 0.20 1/year Assume plume decay rate drops after ISCO
Final DCE decay rate 400-750m 0.92 1/year Assume plume decay rate drops after ISCO
Final VC decay rate 400-750m 3.12 1/year Assume plume decay rate drops after ISCO

Fraction removed 0.90 (unitless) Assume 90% removal by ISCO/DNAPL recovery 
Remediation Start 60 year Assume start  DNAPL extraction/ISCO in 2020
Remediation End 70 year Assume 10 years ISCO +  DNAPL extraction
Active TCE decay rate 400-750m 0.31 1/year Calculated from Clu-in.org equation for ISCO simulation (10 years)
Active DCE decay rate 400-750m 1.01 1/year Calculated from Clu-in.org equation for ISCO simulation (10 years)
Active VC decay rate 400-750m 3.23 1/year Calculated from Clu-in.org equation for ISCO simulation (10 years)
Final TCE decay rate 400-750m 0.19 1/year Assume plume decay rate drops after ISCO

Calibration/Baseline

GW-8

GW-9

GW-1 (same as calibration)
GW-2

GW-5

Alternatives (continued)

GW-4

NH-4537-2019 Nobis Engineering, Inc.



Table F-1
Input Properties and Sources

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 2 of 2

Parameter Value Unit Source
Final DCE decay rate 400-750m 0.91 1/year Assume plume decay rate drops after ISCO
Final VC decay rate 400-750m 3.11 1/year Assume plume decay rate drops after ISCO

NH-4537-2019 Nobis Engineering, Inc.
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Table F-2
Time to Achieve PRGs

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 1

GW-1 GW-2 GW-4 GW-5 GW-8 GW-9

Years 
from 
2020

Years 
from 
2020

Years 
from 
2020

Years 
from 
2020

Years 
from 
2020

Years 
from 
2020

680 650 275 140 140 275
670 560 180 40 40 180
570 500 114 26 26 114
470 360 40 38 40 40
440 310 44 44 44 44

460 420 45 15 15 45
440 340 20 16 16 20
340 280 22 22 22 22
250 150 32 32 34 34
220 100 36 36 36 36

Notes:
1.

2.

3. 10x SS VISL = interim target value used to determine mass removal

SS VISL = site-specific vapor intrusion screening level (VISL) based on May 2018 VISL target groundwater 
concentration (target risk = 1x10-4 or hazard quotient = 1, 15°C), 15°C temperature, and site-specific geologic 
attenuation factor.

Time to Achieve SS VISL (16 µg/L)

Start of downgradient hotspot (550 m)
Start of VMS area (450 m)

Downgradient edge of WAC (100 m)
Source area (10 m)

Time to Achieve SS VISL x10 (160 µg/L)
Start of downgradient hotspot (550 m)

Start of downgradient plume (200 m)
Downgradient edge of WAC (100 m)
Source area (10 m)

Basis for estimates is the RemCHLOR one-dimensional model, using trichloroethene (TCE) as the initial 
contaminant.  The model should be used for comparative purposes only; not predictive of actual remediation time.

Start of VMS area (450 m)

Start of downgradient plume (200 m)

NH-4537-2019 Nobis Engineering, Inc.



Table F-3
Sensitivity Analysis Summary

Nyanza Chemical Waste Dump Superfund Site
Ashland, Massachusetts

Page 1 of 1

Unit Initial 
Value Varied Value

Years from 2020 to 
achieve TCE SS VISL 

(16 µg/L)

Years from 2020 to achieve 
10x TCE SS VISL 

(160 µg/L)

40 16
80% 310 85
99% 18 16
0.001 340 20
0.01 18 16

17,000 22 16
3,000 17 15
1.5 260 20
1 520 200

120 36 16
50 50 16
1 18 16
5 68 18
30 14 12
1 56 46

0.005, 0.01, 0.012 80 18
0.5, 1, 1.2 15 10

Notes:
1.

2.

TCE Decay Rate - 0-400 m

Groundwater Velocity

SS VISL (Site-specific vapor intrusion screening level) based on May 2018 VISL target groundwater concentration: target risk = 
1x10-4 or hazard quotient = 1, 15°C groundwater temperature from 2005 HHRA, and site-specific attenuation factor. 10x SS VISL 
used as interim value to determine mass removal

Basis for estimates is the RemCHLOR one-dimensional model.  The model should be used for comparative purposes only; not 
predictive of actual remediation time.

-- 0.05, 0.1, 
0.12

kg 34,000

-- 2

6.8m/year

% Source Removal

Baseline Case (GW-8, 100 m from source)

Parameter Varied

Source Depth

Source Width

Gamma

Initial Contaminant Mass

Source Decay Rate

100m

m 2

-- 0.005

-- 95%

NH-4537-2019 Nobis Engineering, Inc.
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MW-04A
5 U

MW-09A
2.3 J

MW-406B
1.7 J

RMW-403B
5 U

RMW-405B
100 U

WP-105
5 U

MW-03A
1 U

MW-504A
1 U

Terminal
Manhole
1 U

MW/B-5
24000

MADEP-
MW-1
1 U

MW-04B
8.3

MW-06A
2.9

MW-06B
7.3

MW-104B
5.6

MW-112B
1 U

MW-113B
200

MW-115B
2000

MW-201
170

MW-202
640

MW-203B
370

MW-302
130

MW-304B
90MW-305B

1 U

RW-1
1.5

MW-40MAIN
4.1

MW-701S
200

MW-702S
1 U

RMW-404B
1 U

MW-08
ERT-2

MADEP-MW-2

MW-11

RMW-102

MW-102B

MW-103

MW-106

MW-204B

MW-301

MW-501A

MW-503A

MW-505A

MW-506A

P-1
P-1S

P-2
P-5

RWS-1

Downgradient
Edge of WAC

Source Area

Start of Downgradient
Plume

Start of Downgradient
Hotspot

Start of VMS Area

18
0

214 212 210

18
2

174

18
4

208 18
6

206 204 202

17
6

200

19
8

188

19
6

19
4

17
8

192

190

NOTES:

1. Samples collected by Nobis, November 13-16, 2017,
unless otherwise noted.

2. Massachusetts MCP GW-1 standard for groundwater
Trichloroethene is 5 micrograms per liter (µg/L). U = not
detected.

3. See Figure 1-7 for details regarding 11/13/2017
overburden potentiometric surface and wells used.

4. Aerial photograph from MassGIS/Google web map
service, 2017.

5. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.

Legend

!A
Overburden Monitoring Well with
Trichloroethene Concentration (µg/L)

!A May 2, 2018 Data

!A Sample Collected Fall 2015

Existing Overburden Monitoring Well - 
no 2015-2018 Analytical Data

TCE Concentration (µg/L)

> 5 ≤ 100

> 100 ≤ 1,000

> 1,000 ≤ 10,000

> 10,000

Overburden and weathered bedrock
high probability DNAPL zone

Current Vapor Mitigation
System Area

Potentially Productive
Aquifer 4 (PPA-4)

11/13/17 Groundwater
Potentiometric Surface (ft msl)

Inferred Overburden
Groundwater Contour

Plume Core Flowline

CHECKED BY: JL
DATE: SEPTEMBER 2019

FIGURE F-1
OVERBURDEN GROUNDWATER

2015-2018 TRICHLOROETHENE FLOW LINE
NYANZA CHEMICAL WASTE DUMP

SUPERFUND SITE - OPERABLE UNIT II
ASHLAND, MASSACHUSETTS

³1 inch = 400 feet
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Attachment A-1

Calibration Input Parameters - 1988 

TCE cis 1,2-DCE VC

MW-113A 10 58000

ERT-1D 114 21000

MW-203B 350 170 23

MW-202 374.6 4500 340

MW-201 450 1600 100

MW-115B 583.7 5100

Input parameters: Output results (28 years from start)

Component 1: TCE Yield 0.74 Distance TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 1.00E-02 3.72E+04 5.16E-01 1.28E-05

Mass (Kg) 34,000 100 0.05 0.08 1 1.01E+01 3.58E+04 4.36E+02 7.95E+00

Gamma 2 time (yr): 0.05 0.08 1 2.02E+01 3.21E+04 6.85E+02 1.91E+01

70 0.05 0.08 1 3.03E+01 2.88E+04 8.10E+02 2.71E+01

Width (m) 100 Yield 0.161 4.04E+01 2.61E+04 8.68E+02 3.19E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 5.05E+01 2.39E+04 8.88E+02 3.45E+01

Darcy Velocity (m/yr) 6.8 0.8 0.8 0.8 6.06E+01 2.21E+04 8.86E+02 3.57E+01

Porosity 0.25 0.8 0.8 0.8 7.07E+01 2.06E+04 8.72E+02 3.59E+01

0.8 0.8 0.8 8.08E+01 1.93E+04 8.50E+02 3.56E+01

Fraction Removed 0 Yield 0 9.09E+01 1.82E+04 8.24E+02 3.49E+01

Remed. Start (yr) 0 Decay Rate Decay Rate Decay Rate 1.01E+02 1.72E+04 7.96E+02 3.40E+01

Remed. End (yr) 0 3 3 3 1.11E+02 1.64E+04 7.68E+02 3.29E+01

Source Decay (1/yr) 0.005 3 3 3 1.21E+02 1.56E+04 7.40E+02 3.19E+01

3 3 3 1.31E+02 1.49E+04 7.13E+02 3.08E+01

Retardation Factor 1.5 Dist. from Source 1.41E+02 1.42E+04 6.87E+02 2.98E+01

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 1.52E+02 1.37E+04 6.63E+02 2.88E+01

vMin 0 1.62E+02 1.31E+04 6.39E+02 2.78E+01

vMax 1.5648 Intervals Min Value Max Value 1.72E+02 1.26E+04 6.17E+02 2.68E+01

#Stream Tubes 100 x-direction (m) 100 0.01 1000 1.82E+02 1.22E+04 5.96E+02 2.59E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 1.92E+02 1.17E+04 5.76E+02 2.51E+01

alpha z (m) 0.04 z-direction 1 0 0 2.02E+02 1.13E+04 5.76E+02 2.44E+01

Time (yr) 80 0 80 2.12E+02 1.08E+04 6.31E+02 2.54E+01

2.22E+02 1.04E+04 6.62E+02 2.69E+01

2.32E+02 9.92E+03 6.77E+02 2.80E+01

2.42E+02 9.51E+03 6.80E+02 2.86E+01

2.53E+02 9.13E+03 6.75E+02 2.87E+01

2.63E+02 8.76E+03 6.65E+02 2.85E+01

2.73E+02 8.42E+03 6.51E+02 2.81E+01

2.83E+02 8.09E+03 6.34E+02 2.75E+01

2.93E+02 7.78E+03 6.17E+02 2.69E+01

3.03E+02 7.48E+03 5.98E+02 2.61E+01

3.13E+02 7.20E+03 5.79E+02 2.54E+01

3.23E+02 6.92E+03 5.60E+02 2.45E+01

3.33E+02 6.66E+03 5.40E+02 2.37E+01

3.43E+02 6.41E+03 5.21E+02 2.29E+01

3.54E+02 6.16E+03 5.03E+02 2.21E+01

3.64E+02 5.90E+03 4.82E+02 2.12E+01

3.74E+02 5.66E+03 4.63E+02 2.04E+01

3.84E+02 5.43E+03 4.45E+02 1.96E+01

3.94E+02 5.14E+03 4.21E+02 1.86E+01

4.04E+02 4.90E+03 4.02E+02 1.77E+01

4.14E+02 4.66E+03 3.83E+02 1.69E+01

4.24E+02 4.43E+03 3.63E+02 1.60E+01

4.34E+02 4.08E+03 3.35E+02 1.48E+01

4.44E+02 3.83E+03 3.15E+02 1.39E+01

4.55E+02 3.58E+03 2.94E+02 1.30E+01

4.65E+02 3.33E+03 2.74E+02 1.21E+01

4.75E+02 2.93E+03 2.41E+02 1.06E+01

4.85E+02 2.68E+03 2.21E+02 9.73E+00

4.95E+02 2.44E+03 2.01E+02 8.85E+00

5.05E+02 2.04E+03 1.68E+02 7.40E+00

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters

Component 2: 1,2-DCE

Well ID

Dist. from 

MW/B-5 

Initial Source

Source Dimensions

1988 Concentration (µg/L)
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Attachment A-1

Calibration Input Parameters - 1988 

5.15E+02 1.82E+03 1.49E+02 6.59E+00

5.25E+02 1.61E+03 1.32E+02 5.82E+00

5.35E+02 1.41E+03 1.16E+02 5.11E+00

5.45E+02 1.09E+03 8.95E+01 3.95E+00

5.56E+02 9.31E+02 7.65E+01 3.38E+00

5.66E+02 7.89E+02 6.49E+01 2.86E+00

5.76E+02 6.63E+02 5.45E+01 2.40E+00

5.86E+02 4.67E+02 3.84E+01 1.70E+00

5.96E+02 3.82E+02 3.14E+01 1.38E+00

6.06E+02 3.09E+02 2.54E+01 1.12E+00

6.16E+02 2.01E+02 1.65E+01 7.29E-01

6.26E+02 1.58E+02 1.30E+01 5.72E-01

6.36E+02 1.22E+02 1.01E+01 4.44E-01

6.46E+02 9.40E+01 7.73E+00 3.41E-01

6.57E+02 5.51E+01 4.53E+00 2.00E-01

6.67E+02 4.09E+01 3.37E+00 1.48E-01

6.77E+02 3.01E+01 2.48E+00 1.09E-01

6.87E+02 2.19E+01 1.80E+00 7.95E-02

6.97E+02 1.15E+01 9.43E-01 4.16E-02

7.07E+02 8.05E+00 6.62E-01 2.92E-02

7.17E+02 5.58E+00 4.59E-01 2.02E-02

7.27E+02 2.63E+00 2.16E-01 9.54E-03

7.37E+02 1.74E+00 1.43E-01 6.31E-03

7.47E+02 1.13E+00 9.28E-02 4.09E-03

7.58E+02 6.02E-01 1.35E-01 3.39E-03

7.68E+02 1.72E-01 7.16E-02 1.98E-03

7.78E+02 7.09E-02 4.37E-02 1.41E-03

7.88E+02 2.22E-02 1.82E-02 6.64E-04

7.98E+02 0.00E+00 0.00E+00 0.00E+00

8.08E+02 0.00E+00 0.00E+00 0.00E+00

8.18E+02 0.00E+00 0.00E+00 0.00E+00

8.28E+02 0.00E+00 0.00E+00 0.00E+00

8.38E+02 0.00E+00 0.00E+00 0.00E+00

8.48E+02 0.00E+00 0.00E+00 0.00E+00

8.59E+02 0.00E+00 0.00E+00 0.00E+00

8.69E+02 0.00E+00 0.00E+00 0.00E+00

8.79E+02 0.00E+00 0.00E+00 0.00E+00

8.89E+02 0.00E+00 0.00E+00 0.00E+00

8.99E+02 0.00E+00 0.00E+00 0.00E+00

9.09E+02 0.00E+00 0.00E+00 0.00E+00

9.19E+02 0.00E+00 0.00E+00 0.00E+00

9.29E+02 0.00E+00 0.00E+00 0.00E+00

9.39E+02 0.00E+00 0.00E+00 0.00E+00

9.49E+02 0.00E+00 0.00E+00 0.00E+00

9.60E+02 0.00E+00 0.00E+00 0.00E+00

9.70E+02 0.00E+00 0.00E+00 0.00E+00

9.80E+02 0.00E+00 0.00E+00 0.00E+00

9.90E+02 0.00E+00 0.00E+00 0.00E+00

1.00E+03 0.00E+00 0.00E+00 0.00E+00



Attachment A-2

Calibration Input Parameters - 2003

TCE cis 1,2-DCE VC

MW-203B 343.5 1200 350 9.5

MW-202 374.6 1900 410

MW-201 450 1100 180

MW-115B 583.7 5700 360

RMW-405B 783 5300 200

RMW-403B* 826 1

*half the detection limit used for TCE

Input parameters: Output results (43 years from start)

Component 1: TCE Yield 0.74 Distance TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 1.00E-02 3.04E+04 4.22E-01 1.04E-05

Mass (Kg) 34,000 100 0.05 0.08 1 1.01E+01 2.93E+04 3.57E+02 6.50E+00

Gamma 2 time (yr): 0.05 0.08 1 2.02E+01 2.63E+04 5.59E+02 1.56E+01

70 0.05 0.08 1 3.03E+01 2.35E+04 6.62E+02 2.22E+01

Width (m) 100 Yield 0.161 4.04E+01 2.13E+04 7.09E+02 2.61E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 5.05E+01 1.95E+04 7.25E+02 2.82E+01

Darcy Velocity (m/yr) 6.8 0.8 0.8 0.8 6.06E+01 1.81E+04 7.24E+02 2.91E+01

Porosity 0.25 0.8 0.8 0.8 7.07E+01 1.68E+04 7.11E+02 2.93E+01

0.8 0.8 0.8 8.08E+01 1.58E+04 6.93E+02 2.90E+01

Fraction Removed 0 Yield 0 9.09E+01 1.49E+04 6.72E+02 2.84E+01

Remed. Start (yr) 0 Decay Rate Decay Rate Decay Rate 1.01E+02 1.41E+04 6.49E+02 2.77E+01

Remed. End (yr) 0 3 3 3 1.11E+02 1.33E+04 6.26E+02 2.69E+01

Source Decay (1/yr) 0.005 3 3 3 1.21E+02 1.27E+04 6.04E+02 2.60E+01

3 3 3 1.31E+02 1.21E+04 5.81E+02 2.51E+01

Retardation Factor 1.5 Dist. from Source 1.41E+02 1.16E+04 5.60E+02 2.43E+01

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 1.52E+02 1.11E+04 5.40E+02 2.34E+01

vMin 0 1.62E+02 1.07E+04 5.21E+02 2.26E+01

vMax 1.5648 Intervals Min Value Max Value 1.72E+02 1.03E+04 5.02E+02 2.19E+01

#Stream Tubes 100 x-direction (m) 100 0.01 1000 1.82E+02 9.91E+03 4.85E+02 2.11E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 1.92E+02 9.56E+03 4.69E+02 2.04E+01

alpha z (m) 0.04 z-direction 1 0 0 2.02E+02 9.21E+03 4.69E+02 1.98E+01

Time (yr) 80 0 80 2.12E+02 8.81E+03 5.13E+02 2.07E+01

2.22E+02 8.43E+03 5.39E+02 2.19E+01

2.32E+02 8.07E+03 5.51E+02 2.28E+01

2.42E+02 7.74E+03 5.53E+02 2.32E+01

2.53E+02 7.42E+03 5.49E+02 2.33E+01

2.63E+02 7.12E+03 5.40E+02 2.32E+01

2.73E+02 6.84E+03 5.29E+02 2.29E+01

2.83E+02 6.58E+03 5.16E+02 2.24E+01

2.93E+02 6.32E+03 5.02E+02 2.19E+01

3.03E+02 6.09E+03 4.87E+02 2.13E+01

3.13E+02 5.86E+03 4.71E+02 2.06E+01

3.23E+02 5.64E+03 4.56E+02 2.00E+01

3.33E+02 5.43E+03 4.41E+02 1.94E+01

3.43E+02 5.24E+03 4.26E+02 1.87E+01

3.54E+02 5.05E+03 4.12E+02 1.81E+01

3.64E+02 4.87E+03 3.98E+02 1.75E+01

3.74E+02 4.70E+03 3.85E+02 1.69E+01

3.84E+02 4.54E+03 3.72E+02 1.64E+01

3.94E+02 4.38E+03 3.59E+02 1.58E+01

4.04E+02 4.23E+03 3.47E+02 1.53E+01

4.14E+02 4.09E+03 3.35E+02 1.48E+01

4.24E+02 3.95E+03 3.24E+02 1.43E+01

4.34E+02 3.81E+03 3.13E+02 1.38E+01

4.44E+02 3.69E+03 3.03E+02 1.34E+01

4.55E+02 3.56E+03 2.93E+02 1.29E+01

4.65E+02 3.45E+03 2.83E+02 1.25E+01

4.75E+02 3.33E+03 2.74E+02 1.21E+01

4.85E+02 3.22E+03 2.65E+02 1.17E+01

4.95E+02 3.11E+03 2.56E+02 1.13E+01

5.05E+02 3.01E+03 2.48E+02 1.09E+01

Simulation Parameters

Source Remediation

Transport Parameters

Component 2: 1,2-DCE

Component 3: VC

Well ID

Dist. from 

MW/B-5 

Initial Source

Source Dimensions
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Attachment A-2

Calibration Input Parameters - 2003

5.15E+02 2.91E+03 2.40E+02 1.06E+01

5.25E+02 2.82E+03 2.32E+02 1.02E+01

5.35E+02 2.72E+03 2.24E+02 9.87E+00

5.45E+02 2.63E+03 2.16E+02 9.54E+00

5.56E+02 2.54E+03 2.09E+02 9.20E+00

5.66E+02 2.46E+03 2.02E+02 8.92E+00

5.76E+02 2.37E+03 1.95E+02 8.60E+00

5.86E+02 2.28E+03 1.88E+02 8.29E+00

5.96E+02 2.20E+03 1.81E+02 7.97E+00

6.06E+02 2.11E+03 1.74E+02 7.66E+00

6.16E+02 2.02E+03 1.66E+02 7.34E+00

6.26E+02 1.96E+03 1.61E+02 7.12E+00

6.36E+02 1.88E+03 1.54E+02 6.81E+00

6.46E+02 1.79E+03 1.47E+02 6.50E+00

6.57E+02 1.70E+03 1.40E+02 6.18E+00

6.67E+02 1.62E+03 1.33E+02 5.86E+00

6.77E+02 1.57E+03 1.29E+02 5.69E+00

6.87E+02 1.48E+03 1.22E+02 5.38E+00

6.97E+02 1.39E+03 1.15E+02 5.06E+00

7.07E+02 1.31E+03 1.07E+02 4.74E+00

7.17E+02 1.22E+03 1.00E+02 4.42E+00

7.27E+02 1.13E+03 9.28E+01 4.09E+00

7.37E+02 1.10E+03 9.02E+01 3.98E+00

7.47E+02 1.01E+03 8.31E+01 3.67E+00

7.58E+02 7.33E+02 2.05E+02 5.15E+00

7.68E+02 4.91E+02 2.72E+02 8.38E+00

7.78E+02 3.29E+02 2.76E+02 1.01E+01

7.88E+02 2.20E+02 2.50E+02 1.03E+01

7.98E+02 1.58E+02 2.32E+02 1.03E+01

8.08E+02 1.06E+02 1.90E+02 8.88E+00

8.18E+02 7.08E+01 1.51E+02 7.34E+00

8.28E+02 4.72E+01 1.18E+02 5.87E+00

8.38E+02 3.14E+01 8.98E+01 4.58E+00

8.48E+02 2.08E+01 6.75E+01 3.50E+00

8.59E+02 1.52E+01 5.62E+01 2.96E+00

8.69E+02 1.01E+01 4.14E+01 2.21E+00

8.79E+02 6.67E+00 3.02E+01 1.63E+00

8.89E+02 4.39E+00 2.19E+01 1.18E+00

8.99E+02 2.88E+00 1.56E+01 8.54E-01

9.09E+02 1.88E+00 1.11E+01 6.09E-01

9.19E+02 1.40E+00 9.06E+00 5.00E-01

9.29E+02 9.09E-01 6.36E+00 3.53E-01

9.39E+02 5.89E-01 4.43E+00 2.47E-01

9.49E+02 3.80E-01 3.06E+00 1.71E-01

9.60E+02 2.43E-01 2.10E+00 1.17E-01

9.70E+02 1.83E-01 1.71E+00 9.60E-02

9.80E+02 1.17E-01 1.16E+00 6.54E-02

9.90E+02 7.44E-02 7.82E-01 4.42E-02

1.00E+03 4.70E-02 5.22E-01 2.96E-02



Attachment A-3

Calibration Input Parameters - 2015

TCE cis 1,2-DCE VC

MW/B-5 0 21000 100

MW-113A 3 18000 12

MW-203B 343.5 590 640 6.1

MW-202 374.6 1100 560 6.8

MW-201 450 240 180

MW-115B 583.7 2600 400

RMW-405B 783 220 2400 7.8

RMW-403B* 826 2.5

*half the detection limit used for TCE

Input parameters: Output results (55 years from start)

Component 1: TCE Yield 0.74 Distance TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 1.00E-02 2.60E+04 3.60E-01 8.91E-06

Mass (Kg) 34,000 100 0.05 0.08 1 1.01E+01 2.50E+04 3.04E+02 5.55E+00

Gamma 2 time (yr): 0.05 0.08 1 2.02E+01 2.24E+04 4.78E+02 1.33E+01

70 0.05 0.08 1 3.03E+01 2.01E+04 5.65E+02 1.89E+01

Width (m) 100 Yield 0.161 4.04E+01 1.82E+04 6.05E+02 2.23E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 5.05E+01 1.67E+04 6.19E+02 2.41E+01

Darcy Velocity (m/yr) 6.8 0.8 0.8 0.8 6.06E+01 1.54E+04 6.18E+02 2.49E+01

Porosity 0.25 0.8 0.8 0.8 7.07E+01 1.44E+04 6.07E+02 2.50E+01

0.8 0.8 0.8 8.08E+01 1.35E+04 5.92E+02 2.48E+01

Fraction Removed 0 Yield 0 9.09E+01 1.27E+04 5.73E+02 2.43E+01

Remed. Start (yr) 0 Decay Rate Decay Rate Decay Rate 1.01E+02 1.20E+04 5.54E+02 2.36E+01

Remed. End (yr) 0 3 3 3 1.11E+02 1.14E+04 5.34E+02 2.29E+01

Source Decay (1/yr) 0.005 3 3 3 1.21E+02 1.08E+04 5.15E+02 2.22E+01

3 3 3 1.31E+02 1.03E+04 4.96E+02 2.14E+01

Retardation Factor 1.5 Dist. from Source 1.41E+02 9.90E+03 4.77E+02 2.07E+01

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 1.52E+02 9.49E+03 4.60E+02 2.00E+01

vMin 0 1.62E+02 9.11E+03 4.44E+02 1.93E+01

vMax 1.5648 Intervals Min Value Max Value 1.72E+02 8.77E+03 4.28E+02 1.86E+01

#Stream Tubes 100 x-direction (m) 100 0.01 1000 1.82E+02 8.44E+03 4.13E+02 1.80E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 1.92E+02 8.14E+03 3.99E+02 1.74E+01

alpha z (m) 0.04 z-direction 1 0 0 2.02E+02 7.85E+03 3.99E+02 1.69E+01

Time (yr) 80 0 80 2.12E+02 7.50E+03 4.37E+02 1.76E+01

2.22E+02 7.18E+03 4.59E+02 1.86E+01

2.32E+02 6.87E+03 4.69E+02 1.94E+01

2.42E+02 6.58E+03 4.71E+02 1.98E+01

2.53E+02 6.32E+03 4.67E+02 1.99E+01

2.63E+02 6.06E+03 4.60E+02 1.97E+01

2.73E+02 5.82E+03 4.50E+02 1.94E+01

2.83E+02 5.59E+03 4.39E+02 1.90E+01

2.93E+02 5.38E+03 4.26E+02 1.86E+01

3.03E+02 5.17E+03 4.14E+02 1.81E+01

3.13E+02 4.98E+03 4.01E+02 1.75E+01

3.23E+02 4.79E+03 3.88E+02 1.70E+01

3.33E+02 4.62E+03 3.75E+02 1.65E+01

3.43E+02 4.45E+03 3.62E+02 1.59E+01

3.54E+02 4.29E+03 3.50E+02 1.54E+01

3.64E+02 4.14E+03 3.38E+02 1.49E+01

3.74E+02 3.99E+03 3.27E+02 1.44E+01

3.84E+02 3.85E+03 3.16E+02 1.39E+01

3.94E+02 3.72E+03 3.05E+02 1.34E+01

4.04E+02 3.59E+03 2.95E+02 1.30E+01

4.14E+02 3.47E+03 2.85E+02 1.25E+01

4.24E+02 3.35E+03 2.75E+02 1.21E+01

4.34E+02 3.24E+03 2.66E+02 1.17E+01

4.44E+02 3.13E+03 2.57E+02 1.13E+01

4.55E+02 3.03E+03 2.49E+02 1.10E+01

4.65E+02 2.93E+03 2.40E+02 1.06E+01

4.75E+02 2.83E+03 2.33E+02 1.03E+01

4.85E+02 2.74E+03 2.25E+02 9.92E+00

4.95E+02 2.65E+03 2.18E+02 9.60E+00

5.05E+02 2.56E+03 2.11E+02 9.29E+00

Simulation Parameters

2015 Concentration (µg/L)

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Well ID

Dist. from 

MW/B-5 

Initial Source

Source Dimensions

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

0 200 400 600 800 1,000

C
o

n
ce

n
tr

at
io

n
 (

u
g/

L)

Distance from ASI-29 (m)

Calibration - 2015

actual TCE

actual DCE

predicted TCE

predicted DCE

I 

I 

l 

~ 
J 

' I 
l 

l I 
j 

J 
I ~ 

' I 
I 

' L 
I 

I 

~ r----- J 

' J 
' J 
I 

J 
.! 

I 

~ 

L___ J 

J 
j 
j 

---+ 
J 
J 
j 

J 
J 

r-----J 
J 
J 
J 

~ L=i 
- J 

J 
J 
J 
J 
J __J 

♦ 

♦ 

r r 

♦ 

• • ♦ 



Attachment A-3

Calibration Input Parameters - 2015

5.15E+02 2.48E+03 2.04E+02 8.99E+00

5.25E+02 2.40E+03 1.97E+02 8.71E+00

5.35E+02 2.32E+03 1.91E+02 8.43E+00

5.45E+02 2.25E+03 1.85E+02 8.16E+00

5.56E+02 2.18E+03 1.79E+02 7.90E+00

5.66E+02 2.11E+03 1.74E+02 7.66E+00

5.76E+02 2.04E+03 1.68E+02 7.42E+00

5.86E+02 1.98E+03 1.63E+02 7.18E+00

5.96E+02 1.92E+03 1.58E+02 6.96E+00

6.06E+02 1.86E+03 1.53E+02 6.74E+00

6.16E+02 1.80E+03 1.48E+02 6.54E+00

6.26E+02 1.75E+03 1.44E+02 6.33E+00

6.36E+02 1.69E+03 1.39E+02 6.14E+00

6.46E+02 1.64E+03 1.35E+02 5.95E+00

6.57E+02 1.59E+03 1.31E+02 5.76E+00

6.67E+02 1.54E+03 1.27E+02 5.58E+00

6.77E+02 1.49E+03 1.23E+02 5.42E+00

6.87E+02 1.45E+03 1.19E+02 5.24E+00

6.97E+02 1.40E+03 1.15E+02 5.08E+00

7.07E+02 1.36E+03 1.12E+02 4.92E+00

7.17E+02 1.31E+03 1.08E+02 4.76E+00

7.27E+02 1.27E+03 1.04E+02 4.60E+00

7.37E+02 1.23E+03 1.01E+02 4.47E+00

7.47E+02 1.19E+03 9.78E+01 4.32E+00

7.58E+02 8.93E+02 2.62E+02 6.65E+00

7.68E+02 6.22E+02 3.68E+02 1.17E+01

7.78E+02 4.32E+02 3.91E+02 1.48E+01

7.88E+02 3.02E+02 3.75E+02 1.59E+01

7.98E+02 2.11E+02 3.36E+02 1.52E+01

8.08E+02 1.47E+02 2.89E+02 1.38E+01

8.18E+02 1.04E+02 2.45E+02 1.21E+01

8.28E+02 7.25E+01 2.02E+02 1.03E+01

8.38E+02 5.09E+01 1.64E+02 8.50E+00

8.48E+02 3.61E+01 1.34E+02 7.04E+00

8.59E+02 2.54E+01 1.06E+02 5.68E+00

8.69E+02 1.79E+01 8.41E+01 4.54E+00

8.79E+02 1.28E+01 6.72E+01 3.66E+00

8.89E+02 9.01E+00 5.26E+01 2.89E+00

8.99E+02 6.36E+00 4.10E+01 2.26E+00

9.09E+02 4.56E+00 3.25E+01 1.80E+00

9.19E+02 3.23E+00 2.51E+01 1.40E+00

9.29E+02 2.29E+00 1.94E+01 1.09E+00

9.39E+02 1.65E+00 1.53E+01 8.59E-01

9.49E+02 1.17E+00 1.17E+01 6.62E-01

9.60E+02 8.48E-01 9.23E+00 5.22E-01

9.70E+02 6.03E-01 7.06E+00 4.01E-01

9.80E+02 4.28E-01 5.39E+00 3.06E-01

9.90E+02 3.11E-01 4.24E+00 2.41E-01

1.00E+03 2.21E-01 3.22E+00 1.84E-01



Attachment B-1

GW-1: No Further Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 740 530

Date Achieved 2700 2490

Time from 2020 (yrs) 680 470

Input parameters: Output results (10 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 4.60E+04 5.56E+02 1.01E+01

Mass (Kg) 34,000 100 0.05 0.08 1 20 4.00E+04 4.83E+02 8.74E+00

Gamma 2 time (yr): 0.05 0.08 1 30 3.49E+04 4.21E+02 7.62E+00

70 0.05 0.08 1 40 3.05E+04 3.68E+02 6.66E+00

Width (m) 100 Yield 0.161 50 2.67E+04 3.22E+02 5.84E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 2.34E+04 2.83E+02 5.12E+00

Darcy Velocity (m/yr) 6.8 0.8 0.8 0.8 70 2.06E+04 2.49E+02 4.51E+00

Porosity 0.25 0.8 0.8 0.8 80 1.82E+04 2.19E+02 3.97E+00

0.8 0.8 0.8 90 1.60E+04 1.94E+02 3.50E+00

Fraction Removed 0 Yield 0 100 1.42E+04 1.71E+02 3.10E+00

Remed. Start (yr) 0 Decay Rate Decay Rate Decay Rate 110 1.25E+04 1.51E+02 2.74E+00

Remed. End (yr) 0 3 3 3 120 1.11E+04 1.34E+02 2.43E+00

Source Decay (1/yr) 0.005 3 3 3 130 9.85E+03 1.19E+02 2.15E+00

3 3 3 140 8.75E+03 1.06E+02 1.91E+00

Retardation Factor 1.5 Dist. from Source 150 7.78E+03 9.40E+01 1.70E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 6.93E+03 8.37E+01 1.51E+00

vMin 0 170 6.17E+03 7.46E+01 1.35E+00

vMax 1.5648 Intervals Min Value Max Value 180 5.50E+03 6.65E+01 1.20E+00

#Stream Tubes 100 x-direction (m) 11 0.01 100 190 4.91E+03 5.93E+01 1.07E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 4.39E+03 5.30E+01 9.59E-01

alpha z (m) 0.04 z-direction 1 0 0 210 3.92E+03 4.74E+01 8.57E-01

Time (yr) 100 0 1000 220 3.51E+03 4.23E+01 7.66E-01

230 3.14E+03 3.79E+01 6.86E-01

240 2.81E+03 3.39E+01 6.14E-01

250 2.52E+03 3.04E+01 5.50E-01

260 2.26E+03 2.73E+01 4.93E-01

270 2.02E+03 2.44E+01 4.42E-01

280 1.82E+03 2.19E+01 3.97E-01

290 1.63E+03 1.97E+01 3.56E-01

300 1.46E+03 1.77E+01 3.20E-01

310 1.31E+03 1.59E+01 2.87E-01

320 1.18E+03 1.43E+01 2.58E-01

330 1.06E+03 1.28E+01 2.32E-01

340 9.55E+02 1.15E+01 2.09E-01

350 8.59E+02 1.04E+01 1.88E-01

360 7.73E+02 9.34E+00 1.69E-01

370 6.96E+02 8.41E+00 1.52E-01

380 6.27E+02 7.57E+00 1.37E-01

390 5.65E+02 6.82E+00 1.23E-01

400 5.09E+02 6.14E+00 1.11E-01

410 4.58E+02 5.54E+00 1.00E-01

420 4.13E+02 4.99E+00 9.03E-02

430 3.72E+02 4.50E+00 8.14E-02

440 3.36E+02 4.05E+00 7.34E-02

450 3.03E+02 3.66E+00 6.62E-02

460 2.73E+02 3.30E+00 5.97E-02

470 2.46E+02 2.97E+00 5.38E-02

480 2.22E+02 2.68E+00 4.86E-02

490 2.00E+02 2.42E+00 4.38E-02

Simulation Parameters

Source Remediation

Transport Parameters

Component 2: 1,2-DCE

Component 3: VC

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal
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Attachment B-1

GW-1: No Further Action

500 1.81E+02 2.19E+00 3.95E-02

510 1.63E+02 1.97E+00 3.57E-02

520 1.47E+02 1.78E+00 3.22E-02

530 1.33E+02 1.61E+00 2.91E-02

540 1.20E+02 1.45E+00 2.63E-02

550 1.08E+02 1.31E+00 2.37E-02

560 9.80E+01 1.18E+00 2.14E-02

570 8.85E+01 1.07E+00 1.93E-02

580 7.99E+01 9.65E-01 1.75E-02

590 7.22E+01 8.72E-01 1.58E-02

600 6.52E+01 7.88E-01 1.43E-02

610 5.89E+01 7.12E-01 1.29E-02

620 5.32E+01 6.43E-01 1.16E-02

630 4.81E+01 5.81E-01 1.05E-02

640 4.35E+01 5.25E-01 9.50E-03

650 3.93E+01 4.75E-01 8.59E-03

660 3.55E+01 4.29E-01 7.76E-03

670 3.21E+01 3.88E-01 7.02E-03

680 2.90E+01 3.50E-01 6.34E-03

690 2.62E+01 3.17E-01 5.73E-03

700 2.37E+01 2.86E-01 5.18E-03

710 2.14E+01 2.59E-01 4.68E-03

720 1.94E+01 2.34E-01 4.23E-03

730 1.75E+01 2.12E-01 3.83E-03

740 1.58E+01 1.91E-01 3.46E-03

750 1.43E+01 1.73E-01 3.13E-03

760 1.29E+01 1.56E-01 2.83E-03

770 1.17E+01 1.41E-01 2.56E-03

780 1.06E+01 1.28E-01 2.31E-03

790 9.57E+00 1.16E-01 2.09E-03

800 8.65E+00 1.05E-01 1.89E-03

810 7.83E+00 9.46E-02 1.71E-03

820 7.08E+00 8.55E-02 1.55E-03

830 6.40E+00 7.73E-02 1.40E-03

840 5.79E+00 6.99E-02 1.27E-03

850 5.24E+00 6.33E-02 1.14E-03

860 4.74E+00 5.72E-02 1.04E-03

870 4.28E+00 5.18E-02 9.37E-04

880 3.87E+00 4.68E-02 8.47E-04

890 3.50E+00 4.23E-02 7.66E-04

900 3.17E+00 3.83E-02 6.93E-04

910 2.87E+00 3.46E-02 6.27E-04

920 2.59E+00 3.13E-02 5.67E-04

930 2.35E+00 2.83E-02 5.13E-04

940 2.12E+00 2.56E-02 4.64E-04

950 1.92E+00 2.32E-02 4.20E-04

960 1.74E+00 2.10E-02 3.80E-04

970 1.57E+00 1.90E-02 3.43E-04

980 1.42E+00 1.72E-02 3.11E-04

990 1.29E+00 1.55E-02 2.81E-04

1000 1.16E+00 1.41E-02 2.54E-04



Attachment B-2

GW-1: No Further Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 670 440

Date Achieved 2630 2400

Time from 2020 (yrs) 610 380

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 2.23E+04 1.03E+03 4.38E+01

Mass (Kg) 34,000 100 0.05 0.08 1 20 1.94E+04 8.93E+02 3.80E+01

Gamma 2 time (yr): 0.05 0.08 1 30 1.69E+04 7.77E+02 3.31E+01

70 0.05 0.08 1 40 1.47E+04 6.79E+02 2.89E+01

Width (m) 100 Yield 0.161 50 1.29E+04 5.94E+02 2.53E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 1.13E+04 5.21E+02 2.22E+01

Darcy Velocity (m/yr) 6.8 0.8 0.8 0.8 70 9.92E+03 4.57E+02 1.95E+01

Porosity 0.25 0.8 0.8 0.8 80 8.73E+03 4.03E+02 1.72E+01

0.8 0.8 0.8 90 7.70E+03 3.55E+02 1.51E+01

Fraction Removed 0 Yield 0 100 6.80E+03 3.14E+02 1.34E+01

Remed. Start (yr) 0 Decay Rate Decay Rate Decay Rate 110 6.01E+03 2.77E+02 1.18E+01

Remed. End (yr) 0 3 3 3 120 5.33E+03 2.46E+02 1.05E+01

Source Decay (1/yr) 0.005 3 3 3 130 4.72E+03 2.18E+02 9.28E+00

3 3 3 140 4.19E+03 1.93E+02 8.24E+00

Retardation Factor 1.5 Dist. from Source 150 3.73E+03 1.72E+02 7.32E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 3.31E+03 1.53E+02 6.51E+00

vMin 0 170 2.95E+03 1.36E+02 5.80E+00

vMax 1.5648 Intervals Min Value Max Value 180 2.63E+03 1.21E+02 5.17E+00

#Stream Tubes 100 x-direction (m) 11 0.01 100 190 2.35E+03 1.08E+02 4.61E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 2.09E+03 9.66E+01 4.12E+00

alpha z (m) 0.04 z-direction 1 0 0 210 1.87E+03 8.63E+01 3.68E+00

Time (yr) 100 0 1000 220 1.67E+03 7.72E+01 3.29E+00

230 1.50E+03 6.90E+01 2.94E+00

240 1.34E+03 6.18E+01 2.63E+00

250 1.20E+03 5.53E+01 2.36E+00

260 1.08E+03 4.96E+01 2.11E+00

270 9.64E+02 4.45E+01 1.90E+00

280 8.65E+02 3.99E+01 1.70E+00

290 7.76E+02 3.58E+01 1.53E+00

300 6.97E+02 3.21E+01 1.37E+00

310 6.26E+02 2.89E+01 1.23E+00

320 5.63E+02 2.59E+01 1.11E+00

330 5.06E+02 2.33E+01 9.94E-01

340 4.55E+02 2.10E+01 8.94E-01

350 4.09E+02 1.89E+01 8.04E-01

360 3.68E+02 1.70E+01 7.23E-01

370 3.31E+02 1.53E+01 6.51E-01

380 2.98E+02 1.38E+01 5.86E-01

390 2.69E+02 1.24E+01 5.28E-01

400 2.42E+02 1.12E+01 4.75E-01

410 2.18E+02 1.00E+01 4.28E-01

420 1.96E+02 9.06E+00 3.86E-01

430 1.77E+02 8.16E+00 3.48E-01

440 1.60E+02 7.36E+00 3.14E-01

450 1.44E+02 6.63E+00 2.83E-01

460 1.30E+02 5.98E+00 2.55E-01

470 1.17E+02 5.40E+00 2.30E-01

480 1.06E+02 4.87E+00 2.08E-01

490 9.53E+01 4.39E+00 1.87E-01

Initial Source

Tme to Achieve:

Simulation Parameters

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters
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Attachment B-2

GW-1: No Further Action

500 8.60E+01 3.96E+00 1.69E-01

510 7.76E+01 3.58E+00 1.52E-01

520 7.00E+01 3.23E+00 1.38E-01

530 6.32E+01 2.91E+00 1.24E-01

540 5.71E+01 2.63E+00 1.12E-01

550 5.15E+01 2.38E+00 1.01E-01

560 4.65E+01 2.15E+00 9.15E-02

570 4.20E+01 1.94E+00 8.26E-02

580 3.80E+01 1.75E+00 7.46E-02

590 3.43E+01 1.58E+00 6.74E-02

600 3.10E+01 1.43E+00 6.09E-02

610 2.80E+01 1.29E+00 5.50E-02

620 2.53E+01 1.17E+00 4.97E-02

630 2.28E+01 1.05E+00 4.49E-02

640 2.06E+01 9.52E-01 4.06E-02

650 1.87E+01 8.60E-01 3.67E-02

660 1.69E+01 7.77E-01 3.31E-02

670 1.52E+01 7.03E-01 2.99E-02

680 1.38E+01 6.35E-01 2.71E-02

690 1.24E+01 5.74E-01 2.45E-02

700 1.13E+01 5.19E-01 2.21E-02

710 1.02E+01 4.69E-01 2.00E-02

720 9.20E+00 4.24E-01 1.81E-02

730 8.31E+00 3.83E-01 1.63E-02

740 7.52E+00 3.47E-01 1.48E-02

750 6.80E+00 3.13E-01 1.34E-02

760 6.15E+00 2.83E-01 1.21E-02

770 5.56E+00 2.56E-01 1.09E-02

780 5.02E+00 2.32E-01 9.88E-03

790 4.54E+00 2.10E-01 8.93E-03

800 4.11E+00 1.89E-01 8.08E-03

810 3.72E+00 1.71E-01 7.30E-03

820 3.36E+00 1.55E-01 6.60E-03

830 3.04E+00 1.40E-01 5.97E-03

840 2.75E+00 1.27E-01 5.40E-03

850 2.49E+00 1.15E-01 4.89E-03

860 2.25E+00 1.04E-01 4.42E-03

870 2.03E+00 9.38E-02 4.00E-03

880 1.84E+00 8.48E-02 3.61E-03

890 1.66E+00 7.67E-02 3.27E-03

900 1.50E+00 6.94E-02 2.96E-03

910 1.36E+00 6.28E-02 2.68E-03

920 1.23E+00 5.68E-02 2.42E-03

930 1.11E+00 5.14E-02 2.19E-03

940 1.01E+00 4.65E-02 1.98E-03

950 9.11E-01 4.20E-02 1.79E-03

960 8.24E-01 3.80E-02 1.62E-03

970 7.46E-01 3.44E-02 1.47E-03

980 6.75E-01 3.11E-02 1.33E-03

990 6.10E-01 2.81E-02 1.20E-03

1000 5.52E-01 2.55E-02 1.08E-03



Attachment B-3

GW-1: No Further Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 630 400

Date Achieved 2590 2360

Time from 2020 (yrs) 570 340

Input parameters: Output results (200 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 3.81E+03 1.86E+02 8.11E+00

Mass (Kg) 34,000 100 0.05 0.08 1 20 1.28E+04 6.27E+02 2.73E+01

Gamma 2 time (yr): 0.05 0.08 1 30 1.11E+04 5.45E+02 2.38E+01

70 0.05 0.08 1 40 9.69E+03 4.76E+02 2.07E+01

Width (m) 100 Yield 0.161 50 8.46E+03 4.16E+02 1.81E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 7.41E+03 3.64E+02 1.59E+01

Darcy Velocity (m/yr) 6.8 0.8 0.8 0.8 70 6.51E+03 3.19E+02 1.39E+01

Porosity 0.25 0.8 0.8 0.8 80 5.72E+03 2.81E+02 1.22E+01

0.8 0.8 0.8 90 5.04E+03 2.47E+02 1.08E+01

Fraction Removed 0 Yield 0 100 4.45E+03 2.18E+02 9.52E+00

Remed. Start (yr) 0 Decay Rate Decay Rate Decay Rate 110 3.93E+03 1.93E+02 8.41E+00

Remed. End (yr) 0 3 3 3 120 3.48E+03 1.71E+02 7.44E+00

Source Decay (1/yr) 0.005 3 3 3 130 3.08E+03 1.51E+02 6.59E+00

3 3 3 140 2.73E+03 1.34E+02 5.85E+00

Retardation Factor 1.5 Dist. from Source 150 2.43E+03 1.19E+02 5.20E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 2.16E+03 1.06E+02 4.62E+00

vMin 0 170 1.92E+03 9.44E+01 4.11E+00

vMax 1.5648 Intervals Min Value Max Value 180 1.71E+03 8.41E+01 3.66E+00

#Stream Tubes 100 x-direction (m) 11 0.01 1000 190 1.53E+03 7.49E+01 3.27E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 1.36E+03 6.69E+01 2.91E+00

alpha z (m) 0.04 z-direction 1 0 0 210 1.22E+03 5.97E+01 2.60E+00

Time (yr) 100 0 1000 220 1.09E+03 5.34E+01 2.33E+00

230 9.72E+02 4.77E+01 2.08E+00

240 8.70E+02 4.27E+01 1.86E+00

250 7.79E+02 3.82E+01 1.67E+00

260 6.98E+02 3.43E+01 1.49E+00

270 6.26E+02 3.07E+01 1.34E+00

280 5.61E+02 2.75E+01 1.20E+00

290 5.03E+02 2.47E+01 1.08E+00

300 4.52E+02 2.22E+01 9.67E-01

310 4.06E+02 1.99E+01 8.68E-01

320 3.65E+02 1.79E+01 7.80E-01

330 3.28E+02 1.61E+01 7.01E-01

340 2.95E+02 1.45E+01 6.30E-01

350 2.65E+02 1.30E+01 5.67E-01

360 2.38E+02 1.17E+01 5.10E-01

370 2.14E+02 1.05E+01 4.59E-01

380 1.93E+02 9.48E+00 4.13E-01

390 1.74E+02 8.53E+00 3.72E-01

400 1.57E+02 7.68E+00 3.35E-01

410 1.41E+02 6.92E+00 3.02E-01

420 1.27E+02 6.24E+00 2.72E-01

430 1.14E+02 5.62E+00 2.45E-01

440 1.03E+02 5.07E+00 2.21E-01

450 9.30E+01 4.57E+00 1.99E-01

460 8.39E+01 4.12E+00 1.80E-01

470 7.57E+01 3.71E+00 1.62E-01

480 6.83E+01 3.35E+00 1.46E-01

490 6.16E+01 3.02E+00 1.32E-01

Component 2: 1,2-DCE

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment B-3

GW-1: No Further Action

500 5.56E+01 2.73E+00 1.19E-01

510 5.01E+01 2.46E+00 1.07E-01

520 4.53E+01 2.22E+00 9.68E-02

530 4.08E+01 2.01E+00 8.74E-02

540 3.69E+01 1.81E+00 7.89E-02

550 3.33E+01 1.63E+00 7.12E-02

560 3.01E+01 1.48E+00 6.43E-02

570 2.72E+01 1.33E+00 5.81E-02

580 2.45E+01 1.20E+00 5.25E-02

590 2.21E+01 1.09E+00 4.74E-02

600 2.00E+01 9.82E-01 4.28E-02

610 1.81E+01 8.87E-01 3.87E-02

620 1.63E+01 8.02E-01 3.49E-02

630 1.48E+01 7.24E-01 3.16E-02

640 1.33E+01 6.55E-01 2.85E-02

650 1.20E+01 5.92E-01 2.58E-02

660 1.09E+01 5.35E-01 2.33E-02

670 9.84E+00 4.83E-01 2.11E-02

680 8.89E+00 4.37E-01 1.90E-02

690 8.04E+00 3.95E-01 1.72E-02

700 7.27E+00 3.57E-01 1.55E-02

710 6.57E+00 3.23E-01 1.41E-02

720 5.94E+00 2.92E-01 1.27E-02

730 5.37E+00 2.64E-01 1.15E-02

740 4.85E+00 2.38E-01 1.04E-02

750 4.39E+00 2.15E-01 9.39E-03

760 3.97E+00 1.95E-01 8.49E-03

770 3.59E+00 1.76E-01 7.68E-03

780 3.24E+00 1.59E-01 6.94E-03

790 2.93E+00 1.44E-01 6.28E-03

800 2.65E+00 1.30E-01 5.68E-03

810 2.40E+00 1.18E-01 5.13E-03

820 2.17E+00 1.07E-01 4.64E-03

830 1.96E+00 9.63E-02 4.20E-03

840 1.77E+00 8.71E-02 3.80E-03

850 1.60E+00 7.88E-02 3.43E-03

860 1.45E+00 7.13E-02 3.11E-03

870 1.31E+00 6.44E-02 2.81E-03

880 1.19E+00 5.83E-02 2.54E-03

890 1.07E+00 5.27E-02 2.30E-03

900 9.71E-01 4.77E-02 2.08E-03

910 8.79E-01 4.31E-02 1.88E-03

920 7.95E-01 3.90E-02 1.70E-03

930 7.19E-01 3.53E-02 1.54E-03

940 6.50E-01 3.19E-02 1.39E-03

950 5.88E-01 2.89E-02 1.26E-03

960 5.32E-01 2.61E-02 1.14E-03

970 4.81E-01 2.36E-02 1.03E-03

980 4.35E-01 2.14E-02 9.32E-04

990 3.94E-01 1.93E-02 8.43E-04

1000 3.56E-01 1.75E-02 7.62E-04



Attachment B-4

GW-1: No Further Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 530 310

Date Achieved 2490 2270

Time from 2020 (yrs) 470 250

Input parameters: Output results (450 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 100 0.05 0.08 1 20 2.83E+02 2.32E+01 1.02E+00

Gamma 2 time (yr): 0.05 0.08 1 30 3.96E+03 3.25E+02 1.43E+01

70 0.05 0.08 1 40 3.77E+03 3.09E+02 1.36E+01

Width (m) 100 Yield 0.161 50 3.29E+03 2.70E+02 1.19E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 2.87E+03 2.36E+02 1.04E+01

Darcy Velocity (m/yr) 6.8 0.8 0.8 0.8 70 2.51E+03 2.06E+02 9.10E+00

Porosity 0.25 0.8 0.8 0.8 80 2.20E+03 1.81E+02 7.98E+00

0.8 0.8 0.8 90 1.94E+03 1.59E+02 7.02E+00

Fraction Removed 0 Yield 0 100 1.70E+03 1.40E+02 6.18E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 110 1.50E+03 1.24E+02 5.45E+00

Remed. End (yr) 70 3 3 3 120 1.33E+03 1.09E+02 4.81E+00

Source Decay (1/yr) 0.005 3 3 3 130 1.17E+03 9.65E+01 4.25E+00

3 3 3 140 1.04E+03 8.55E+01 3.77E+00

Retardation Factor 1.5 Dist. from Source 150 9.22E+02 7.58E+01 3.34E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 8.19E+02 6.73E+01 2.97E+00

vMin 0 170 7.28E+02 5.98E+01 2.64E+00

vMax 1.5648 Intervals Min Value Max Value 180 6.48E+02 5.32E+01 2.35E+00

#Stream Tubes 100 x-direction (m) 21 0.01 1000 190 5.77E+02 4.74E+01 2.09E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 5.14E+02 4.22E+01 1.86E+00

alpha z (m) 0.04 z-direction 1 0 0 210 4.59E+02 3.77E+01 1.66E+00

Time (yr) 100 0 1000 220 4.09E+02 3.36E+01 1.48E+00

230 3.66E+02 3.01E+01 1.33E+00

240 3.27E+02 2.69E+01 1.18E+00

250 2.93E+02 2.40E+01 1.06E+00

260 2.62E+02 2.15E+01 9.49E-01

270 2.35E+02 1.93E+01 8.50E-01

280 2.10E+02 1.73E+01 7.62E-01

290 1.89E+02 1.55E+01 6.83E-01

300 1.69E+02 1.39E+01 6.13E-01

310 1.52E+02 1.25E+01 5.50E-01

320 1.36E+02 1.12E+01 4.94E-01

330 1.22E+02 1.01E+01 4.44E-01

340 1.10E+02 9.04E+00 3.99E-01

350 9.89E+01 8.12E+00 3.58E-01

360 8.89E+01 7.31E+00 3.22E-01

370 8.00E+01 6.57E+00 2.90E-01

380 7.20E+01 5.91E+00 2.61E-01

390 6.48E+01 5.32E+00 2.35E-01

400 5.83E+01 4.79E+00 2.11E-01

410 5.25E+01 4.31E+00 1.90E-01

420 4.73E+01 3.89E+00 1.71E-01

430 4.26E+01 3.50E+00 1.54E-01

440 3.84E+01 3.15E+00 1.39E-01

450 3.46E+01 2.84E+00 1.25E-01

460 3.12E+01 2.56E+00 1.13E-01

470 2.81E+01 2.31E+00 1.02E-01

480 2.54E+01 2.08E+00 9.19E-02

490 2.29E+01 1.88E+00 8.29E-02

500 2.06E+01 1.70E+00 7.48E-02

510 1.86E+01 1.53E+00 6.75E-02

Initial Source

Tme to Achieve:

Simulation Parameters

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters
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Attachment B-4

GW-1: No Further Action

520 1.68E+01 1.38E+00 6.09E-02

530 1.52E+01 1.25E+00 5.50E-02

540 1.37E+01 1.13E+00 4.96E-02

550 1.24E+01 1.02E+00 4.48E-02

560 1.12E+01 9.17E-01 4.04E-02

570 1.01E+01 8.28E-01 3.65E-02

580 9.10E+00 7.48E-01 3.30E-02

590 8.22E+00 6.75E-01 2.98E-02

600 7.42E+00 6.10E-01 2.69E-02

610 6.71E+00 5.51E-01 2.43E-02

620 6.06E+00 4.98E-01 2.19E-02

630 5.47E+00 4.50E-01 1.98E-02

640 4.94E+00 4.06E-01 1.79E-02

650 4.47E+00 3.67E-01 1.62E-02

660 4.04E+00 3.32E-01 1.46E-02

670 3.65E+00 3.00E-01 1.32E-02

680 3.30E+00 2.71E-01 1.19E-02

690 2.98E+00 2.45E-01 1.08E-02

700 2.69E+00 2.21E-01 9.76E-03

710 2.43E+00 2.00E-01 8.82E-03

720 2.20E+00 1.81E-01 7.97E-03

730 1.99E+00 1.63E-01 7.21E-03

740 1.80E+00 1.48E-01 6.52E-03

750 1.63E+00 1.34E-01 5.89E-03

760 1.47E+00 1.21E-01 5.33E-03

770 1.33E+00 1.09E-01 4.82E-03

780 1.20E+00 9.88E-02 4.35E-03

790 1.09E+00 8.93E-02 3.94E-03

800 9.83E-01 8.07E-02 3.56E-03

810 8.89E-01 7.30E-02 3.22E-03

820 8.04E-01 6.60E-02 2.91E-03

830 7.27E-01 5.97E-02 2.63E-03

840 6.57E-01 5.40E-02 2.38E-03

850 5.94E-01 4.88E-02 2.15E-03

860 5.38E-01 4.42E-02 1.95E-03

870 4.86E-01 3.99E-02 1.76E-03

880 4.40E-01 3.61E-02 1.59E-03

890 3.98E-01 3.27E-02 1.44E-03

900 3.60E-01 2.96E-02 1.30E-03

910 3.25E-01 2.67E-02 1.18E-03

920 2.94E-01 2.42E-02 1.07E-03

930 2.66E-01 2.19E-02 9.64E-04

940 2.41E-01 1.98E-02 8.72E-04

950 2.18E-01 1.79E-02 7.89E-04

960 1.97E-01 1.62E-02 7.14E-04

970 1.78E-01 1.46E-02 6.46E-04

980 1.61E-01 1.32E-02 5.84E-04

990 1.46E-01 1.20E-02 5.28E-04

1000 1.32E-01 1.08E-02 4.78E-04



Attachment B-5

GW-1: No Further Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 500 280

Date Achieved 2460 2240

Time from 2020 (yrs) 440 220

Input parameters: Output results (550 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 100 0.05 0.08 1 20 4.67E-01 3.83E-02 1.69E-03

Gamma 2 time (yr): 0.05 0.08 1 30 1.59E+03 1.31E+02 5.78E+00

70 0.05 0.08 1 40 2.66E+03 2.19E+02 9.66E+00

Width (m) 100 Yield 0.161 50 2.37E+03 1.95E+02 8.61E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 2.07E+03 1.70E+02 7.52E+00

Darcy Velocity (m/yr) 6.8 0.8 0.8 0.8 70 1.81E+03 1.49E+02 6.57E+00

Porosity 0.25 0.8 0.8 0.8 80 1.59E+03 1.30E+02 5.76E+00

0.8 0.8 0.8 90 1.39E+03 1.15E+02 5.05E+00

Fraction Removed 0 Yield 0 100 1.23E+03 1.01E+02 4.44E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 110 1.08E+03 8.88E+01 3.92E+00

Remed. End (yr) 70 3 3 3 120 9.53E+02 7.83E+01 3.45E+00

Source Decay (1/yr) 0.005 3 3 3 130 8.42E+02 6.92E+01 3.05E+00

3 3 3 140 7.45E+02 6.13E+01 2.70E+00

Retardation Factor 1.5 Dist. from Source 150 6.60E+02 5.43E+01 2.39E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 5.86E+02 4.82E+01 2.13E+00

vMin 0 170 5.21E+02 4.28E+01 1.89E+00

vMax 1.5648 Intervals Min Value Max Value 180 4.63E+02 3.81E+01 1.68E+00

#Stream Tubes 100 x-direction (m) 21 0.01 1000 190 4.12E+02 3.39E+01 1.49E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 3.67E+02 3.02E+01 1.33E+00

alpha z (m) 0.04 z-direction 1 0 0 210 3.27E+02 2.69E+01 1.19E+00

Time (yr) 100 0 1000 220 2.92E+02 2.40E+01 1.06E+00

230 2.61E+02 2.14E+01 9.46E-01

240 2.33E+02 1.92E+01 8.45E-01

250 2.09E+02 1.71E+01 7.56E-01

260 1.87E+02 1.53E+01 6.77E-01

270 1.67E+02 1.37E+01 6.06E-01

280 1.50E+02 1.23E+01 5.43E-01

290 1.34E+02 1.10E+01 4.87E-01

300 1.20E+02 9.90E+00 4.36E-01

310 1.08E+02 8.88E+00 3.92E-01

320 9.69E+01 7.97E+00 3.52E-01

330 8.71E+01 7.16E+00 3.16E-01

340 7.82E+01 6.43E+00 2.84E-01

350 7.03E+01 5.78E+00 2.55E-01

360 6.32E+01 5.20E+00 2.29E-01

370 5.68E+01 4.67E+00 2.06E-01

380 5.11E+01 4.20E+00 1.85E-01

390 4.60E+01 3.78E+00 1.67E-01

400 4.14E+01 3.41E+00 1.50E-01

410 3.73E+01 3.07E+00 1.35E-01

420 3.36E+01 2.76E+00 1.22E-01

430 3.03E+01 2.49E+00 1.10E-01

440 2.73E+01 2.24E+00 9.89E-02

450 2.46E+01 2.02E+00 8.91E-02

460 2.21E+01 1.82E+00 8.03E-02

470 2.00E+01 1.64E+00 7.24E-02

480 1.80E+01 1.48E+00 6.53E-02

490 1.62E+01 1.34E+00 5.89E-02

500 1.46E+01 1.20E+00 5.31E-02

510 1.32E+01 1.09E+00 4.79E-02

Tme to Achieve:

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment B-5

GW-1: No Further Action

520 1.19E+01 9.80E-01 4.32E-02

530 1.08E+01 8.85E-01 3.90E-02

540 9.71E+00 7.99E-01 3.52E-02

550 8.77E+00 7.21E-01 3.18E-02

560 7.92E+00 6.51E-01 2.87E-02

570 7.15E+00 5.88E-01 2.59E-02

580 6.45E+00 5.31E-01 2.34E-02

590 5.83E+00 4.79E-01 2.11E-02

600 5.26E+00 4.33E-01 1.91E-02

610 4.75E+00 3.91E-01 1.72E-02

620 4.29E+00 3.53E-01 1.56E-02

630 3.88E+00 3.19E-01 1.41E-02

640 3.51E+00 2.88E-01 1.27E-02

650 3.17E+00 2.60E-01 1.15E-02

660 2.86E+00 2.35E-01 1.04E-02

670 2.59E+00 2.13E-01 9.38E-03

680 2.34E+00 1.92E-01 8.48E-03

690 2.11E+00 1.74E-01 7.66E-03

700 1.91E+00 1.57E-01 6.92E-03

710 1.73E+00 1.42E-01 6.26E-03

720 1.56E+00 1.28E-01 5.66E-03

730 1.41E+00 1.16E-01 5.11E-03

740 1.27E+00 1.05E-01 4.62E-03

750 1.15E+00 9.48E-02 4.18E-03

760 1.04E+00 8.57E-02 3.78E-03

770 9.42E-01 7.75E-02 3.42E-03

780 8.52E-01 7.00E-02 3.09E-03

790 7.70E-01 6.33E-02 2.79E-03

800 6.96E-01 5.73E-02 2.53E-03

810 6.30E-01 5.18E-02 2.28E-03

820 5.69E-01 4.68E-02 2.07E-03

830 5.15E-01 4.23E-02 1.87E-03

840 4.66E-01 3.83E-02 1.69E-03

850 4.21E-01 3.46E-02 1.53E-03

860 3.81E-01 3.13E-02 1.38E-03

870 3.44E-01 2.83E-02 1.25E-03

880 3.12E-01 2.56E-02 1.13E-03

890 2.82E-01 2.32E-02 1.02E-03

900 2.55E-01 2.10E-02 9.24E-04

910 2.31E-01 1.90E-02 8.36E-04

920 2.09E-01 1.71E-02 7.56E-04

930 1.89E-01 1.55E-02 6.84E-04

940 1.71E-01 1.40E-02 6.19E-04

950 1.54E-01 1.27E-02 5.60E-04

960 1.40E-01 1.15E-02 5.06E-04

970 1.26E-01 1.04E-02 4.58E-04

980 1.14E-01 9.39E-03 4.14E-04

990 1.03E-01 8.50E-03 3.75E-04

1000 9.35E-02 7.68E-03 3.39E-04



Attachment C-1

GW-2: Limited Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 710 480

Date Achieved 2670 2440

Time from 2020 (yrs) 650 420

Input parameters: Output results (10 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 4.60E+04 5.56E+02 1.01E+01

Mass (Kg) 34,000 100 0.1 0.13 1.05 20 4.00E+04 4.83E+02 8.74E+00

Gamma 2 time (yr): 0.1 0.13 1.05 30 3.49E+04 4.21E+02 7.62E+00

65 0.05 0.08 1 40 3.05E+04 3.68E+02 6.66E+00

Width (m) 100 Yield 0.161 50 2.67E+04 3.22E+02 5.84E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 2.34E+04 2.83E+02 5.12E+00

Darcy Velocity (m/yr) 6.8 0.85 0.85 0.85 70 1.38E+04 3.34E+02 6.42E+00

Porosity 0.25 0.85 0.85 0.85 80 1.22E+04 2.96E+02 5.68E+00

0.8 0.8 0.8 90 1.09E+04 2.62E+02 5.04E+00

Fraction Removed 0.2 Yield 0 100 9.63E+03 2.33E+02 4.47E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 110 8.55E+03 2.07E+02 3.97E+00

Remed. End (yr) 65 3.05 3.05 3.05 120 7.60E+03 1.84E+02 3.53E+00

Source Decay (1/yr) 0.005 3.05 3.05 3.05 130 6.77E+03 1.64E+02 3.14E+00

3 3 3 140 6.03E+03 1.46E+02 2.80E+00

Retardation Factor 1.5 Dist. from Source 150 5.38E+03 1.30E+02 2.50E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 4.80E+03 1.16E+02 2.23E+00

vMin 0 170 4.29E+03 1.04E+02 1.99E+00

vMax 1.5648 Intervals Min Value Max Value 180 3.83E+03 9.25E+01 1.78E+00

#Stream Tubes 100 x-direction (m) 11 0.01 100 190 3.43E+03 8.28E+01 1.59E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 3.07E+03 7.41E+01 1.42E+00

alpha z (m) 0.04 z-direction 1 0 0 210 2.75E+03 6.63E+01 1.27E+00

Time (yr) 100 0 1000 220 2.46E+03 5.94E+01 1.14E+00

230 2.21E+03 5.33E+01 1.02E+00

240 1.98E+03 4.78E+01 9.18E-01

250 1.77E+03 4.29E+01 8.24E-01

260 1.59E+03 3.85E+01 7.40E-01

270 1.43E+03 3.46E+01 6.64E-01

280 1.29E+03 3.10E+01 5.97E-01

290 1.16E+03 2.79E+01 5.36E-01

300 1.04E+03 2.51E+01 4.82E-01

310 9.34E+02 2.26E+01 4.34E-01

320 8.40E+02 2.03E+01 3.90E-01

330 7.56E+02 1.83E+01 3.51E-01

340 6.81E+02 1.64E+01 3.16E-01

350 6.13E+02 1.48E+01 2.85E-01

360 5.52E+02 1.33E+01 2.56E-01

370 4.97E+02 1.20E+01 2.31E-01

380 4.48E+02 1.08E+01 2.08E-01

390 4.04E+02 9.75E+00 1.87E-01

400 3.64E+02 8.79E+00 1.69E-01

410 3.28E+02 7.93E+00 1.52E-01

420 2.96E+02 7.15E+00 1.37E-01

430 2.67E+02 6.45E+00 1.24E-01

440 2.41E+02 5.81E+00 1.12E-01

450 2.17E+02 5.25E+00 1.01E-01

460 1.96E+02 4.73E+00 9.10E-02

470 1.77E+02 4.27E+00 8.21E-02

480 1.60E+02 3.86E+00 7.41E-02

490 1.44E+02 3.48E+00 6.69E-02

Simulation Parameters

Source Remediation

Transport Parameters

Component 2: 1,2-DCE

Component 3: VC

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal
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Attachment C-1

GW-2: Limited Action

500 1.30E+02 3.14E+00 6.04E-02

510 1.17E+02 2.84E+00 5.45E-02

520 1.06E+02 2.56E+00 4.92E-02

530 9.58E+01 2.31E+00 4.45E-02

540 8.65E+01 2.09E+00 4.02E-02

550 7.81E+01 1.89E+00 3.63E-02

560 7.06E+01 1.70E+00 3.28E-02

570 6.38E+01 1.54E+00 2.96E-02

580 5.76E+01 1.39E+00 2.67E-02

590 5.21E+01 1.26E+00 2.42E-02

600 4.70E+01 1.14E+00 2.18E-02

610 4.25E+01 1.03E+00 1.97E-02

620 3.84E+01 9.28E-01 1.78E-02

630 3.47E+01 8.38E-01 1.61E-02

640 3.14E+01 7.58E-01 1.46E-02

650 2.84E+01 6.85E-01 1.32E-02

660 2.56E+01 6.19E-01 1.19E-02

670 2.32E+01 5.60E-01 1.08E-02

680 2.09E+01 5.06E-01 9.73E-03

690 1.89E+01 4.57E-01 8.79E-03

700 1.71E+01 4.14E-01 7.95E-03

710 1.55E+01 3.74E-01 7.19E-03

720 1.40E+01 3.38E-01 6.50E-03

730 1.27E+01 3.06E-01 5.88E-03

740 1.14E+01 2.76E-01 5.31E-03

750 1.03E+01 2.50E-01 4.80E-03

760 9.36E+00 2.26E-01 4.34E-03

770 8.46E+00 2.04E-01 3.93E-03

780 7.65E+00 1.85E-01 3.55E-03

790 6.92E+00 1.67E-01 3.21E-03

800 6.26E+00 1.51E-01 2.91E-03

810 5.66E+00 1.37E-01 2.63E-03

820 5.12E+00 1.24E-01 2.38E-03

830 4.63E+00 1.12E-01 2.15E-03

840 4.19E+00 1.01E-01 1.94E-03

850 3.79E+00 9.15E-02 1.76E-03

860 3.43E+00 8.28E-02 1.59E-03

870 3.10E+00 7.49E-02 1.44E-03

880 2.80E+00 6.77E-02 1.30E-03

890 2.54E+00 6.13E-02 1.18E-03

900 2.29E+00 5.54E-02 1.07E-03

910 2.08E+00 5.01E-02 9.63E-04

920 1.88E+00 4.53E-02 8.72E-04

930 1.70E+00 4.10E-02 7.88E-04

940 1.54E+00 3.71E-02 7.13E-04

950 1.39E+00 3.36E-02 6.45E-04

960 1.26E+00 3.04E-02 5.84E-04

970 1.14E+00 2.75E-02 5.28E-04

980 1.03E+00 2.48E-02 4.78E-04

990 9.31E-01 2.25E-02 4.32E-04

1000 8.42E-01 2.03E-02 3.91E-04



Attachment C-2

GW-2B: Limited Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 620 400

Date Achieved 2580 2360

Time from 2020 (yrs) 560 340

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 2.23E+04 1.03E+03 4.38E+01

Mass (Kg) 34,000 100 0.1 0.13 1.05 20 1.94E+04 8.93E+02 3.80E+01

Gamma 2 time (yr): 0.1 0.13 1.05 30 1.69E+04 7.77E+02 3.31E+01

65 0.05 0.08 1 40 1.47E+04 6.79E+02 2.89E+01

Width (m) 100 Yield 0.161 50 1.29E+04 5.94E+02 2.53E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 1.13E+04 5.21E+02 2.22E+01

Darcy Velocity (m/yr) 6.8 0.85 0.85 0.85 70 6.10E+03 5.57E+02 2.51E+01

Porosity 0.25 0.85 0.85 0.85 80 4.97E+03 4.58E+02 2.07E+01

0.8 0.8 0.8 90 4.40E+03 4.05E+02 1.84E+01

Fraction Removed 0.2 Yield 0 100 3.90E+03 3.59E+02 1.63E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 110 3.46E+03 3.19E+02 1.44E+01

Remed. End (yr) 65 3.05 3.05 3.05 120 3.08E+03 2.84E+02 1.28E+01

Source Decay (1/yr) 0.005 3.05 3.05 3.05 130 2.74E+03 2.52E+02 1.14E+01

3 3 3 140 2.44E+03 2.25E+02 1.02E+01

Retardation Factor 1.5 Dist. from Source 150 2.17E+03 2.00E+02 9.07E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 1.94E+03 1.79E+02 8.09E+00

vMin 0 170 1.73E+03 1.60E+02 7.22E+00

vMax 1.5648 Intervals Min Value Max Value 180 1.55E+03 1.43E+02 6.45E+00

#Stream Tubes 100 x-direction (m) 11 0.01 100 190 1.38E+03 1.27E+02 5.77E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 1.24E+03 1.14E+02 5.16E+00

alpha z (m) 0.04 z-direction 1 0 0 210 1.11E+03 1.02E+02 4.62E+00

Time (yr) 100 0 1000 220 9.92E+02 9.14E+01 4.14E+00

230 8.89E+02 8.19E+01 3.71E+00

240 7.97E+02 7.34E+01 3.33E+00

250 7.15E+02 6.59E+01 2.98E+00

260 6.42E+02 5.91E+01 2.68E+00

270 5.76E+02 5.31E+01 2.40E+00

280 5.17E+02 4.77E+01 2.16E+00

290 4.65E+02 4.29E+01 1.94E+00

300 4.18E+02 3.85E+01 1.74E+00

310 3.76E+02 3.46E+01 1.57E+00

320 3.38E+02 3.12E+01 1.41E+00

330 3.04E+02 2.80E+01 1.27E+00

340 2.74E+02 2.52E+01 1.14E+00

350 2.46E+02 2.27E+01 1.03E+00

360 2.22E+02 2.05E+01 9.26E-01

370 2.00E+02 1.84E+01 8.34E-01

380 1.80E+02 1.66E+01 7.52E-01

390 1.62E+02 1.50E+01 6.77E-01

400 1.46E+02 1.35E+01 6.10E-01

410 1.32E+02 1.22E+01 5.50E-01

420 1.19E+02 1.10E+01 4.96E-01

430 1.07E+02 9.88E+00 4.47E-01

440 9.67E+01 8.91E+00 4.04E-01

450 8.73E+01 8.04E+00 3.64E-01

460 7.87E+01 7.26E+00 3.29E-01

470 7.10E+01 6.55E+00 2.96E-01

480 6.41E+01 5.91E+00 2.68E-01

490 5.79E+01 5.33E+00 2.41E-01

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Initial Source

Tme to Achieve:

Simulation Parameters

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal
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Attachment C-2

GW-2B: Limited Action

500 5.22E+01 4.82E+00 2.18E-01

510 4.72E+01 4.35E+00 1.97E-01

520 4.26E+01 3.93E+00 1.78E-01

530 3.85E+01 3.54E+00 1.60E-01

540 3.47E+01 3.20E+00 1.45E-01

550 3.14E+01 2.89E+00 1.31E-01

560 2.83E+01 2.61E+00 1.18E-01

570 2.56E+01 2.36E+00 1.07E-01

580 2.31E+01 2.13E+00 9.65E-02

590 2.09E+01 1.93E+00 8.72E-02

600 1.89E+01 1.74E+00 7.88E-02

610 1.71E+01 1.57E+00 7.12E-02

620 1.54E+01 1.42E+00 6.43E-02

630 1.39E+01 1.28E+00 5.81E-02

640 1.26E+01 1.16E+00 5.26E-02

650 1.14E+01 1.05E+00 4.75E-02

660 1.03E+01 9.48E-01 4.29E-02

670 9.30E+00 8.57E-01 3.88E-02

680 8.41E+00 7.75E-01 3.51E-02

690 7.60E+00 7.01E-01 3.17E-02

700 6.87E+00 6.33E-01 2.87E-02

710 6.21E+00 5.73E-01 2.59E-02

720 5.62E+00 5.18E-01 2.34E-02

730 5.08E+00 4.68E-01 2.12E-02

740 4.59E+00 4.23E-01 1.92E-02

750 4.15E+00 3.83E-01 1.73E-02

760 3.76E+00 3.46E-01 1.57E-02

770 3.40E+00 3.13E-01 1.42E-02

780 3.07E+00 2.83E-01 1.28E-02

790 2.78E+00 2.56E-01 1.16E-02

800 2.51E+00 2.32E-01 1.05E-02

810 2.27E+00 2.09E-01 9.48E-03

820 2.05E+00 1.89E-01 8.57E-03

830 1.86E+00 1.71E-01 7.75E-03

840 1.68E+00 1.55E-01 7.01E-03

850 1.52E+00 1.40E-01 6.34E-03

860 1.38E+00 1.27E-01 5.74E-03

870 1.24E+00 1.15E-01 5.19E-03

880 1.13E+00 1.04E-01 4.69E-03

890 1.02E+00 9.38E-02 4.25E-03

900 9.21E-01 8.48E-02 3.84E-03

910 8.33E-01 7.67E-02 3.47E-03

920 7.53E-01 6.94E-02 3.14E-03

930 6.81E-01 6.28E-02 2.84E-03

940 6.16E-01 5.68E-02 2.57E-03

950 5.58E-01 5.14E-02 2.33E-03

960 5.04E-01 4.65E-02 2.10E-03

970 4.56E-01 4.21E-02 1.90E-03

980 4.13E-01 3.80E-02 1.72E-03

990 3.73E-01 3.44E-02 1.56E-03

1000 3.38E-01 3.11E-02 1.41E-03



Attachment C-3

GW-2: Limited Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 560 340

Date Achieved 2520 2300

Time from 2020 (yrs) 500 280

Input parameters: Output results (500 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 3.81E+03 1.86E+02 8.11E+00

Mass (Kg) 34,000 100 0.1 0.13 1.05 20 1.28E+04 6.27E+02 2.73E+01

Gamma 2 time (yr): 0.1 0.13 1.05 30 1.11E+04 5.45E+02 2.38E+01

65 0.05 0.08 1 40 9.69E+03 4.76E+02 2.07E+01

Width (m) 100 Yield 0.161 50 8.46E+03 4.16E+02 1.81E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 7.41E+03 3.64E+02 1.59E+01

Darcy Velocity (m/yr) 6.8 0.85 0.85 0.85 70 5.45E+03 5.14E+02 2.35E+01

Porosity 0.25 0.85 0.85 0.85 80 2.71E+03 2.66E+02 1.23E+01

0.8 0.8 0.8 90 2.39E+03 2.34E+02 1.09E+01

Fraction Removed 0.2 Yield 0 100 2.12E+03 2.08E+02 9.62E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 110 1.88E+03 1.84E+02 8.53E+00

Remed. End (yr) 65 3.05 3.05 3.05 120 1.67E+03 1.64E+02 7.58E+00

Source Decay (1/yr) 0.005 3.05 3.05 3.05 130 1.48E+03 1.46E+02 6.74E+00

3 3 3 140 1.32E+03 1.30E+02 6.00E+00

Retardation Factor 1.5 Dist. from Source 150 1.18E+03 1.15E+02 5.34E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 1.05E+03 1.03E+02 4.76E+00

vMin 0 170 9.35E+02 9.18E+01 4.25E+00

vMax 1.5648 Intervals Min Value Max Value 180 8.35E+02 8.20E+01 3.80E+00

#Stream Tubes 100 x-direction (m) 11 0.01 1000 190 7.46E+02 7.33E+01 3.39E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 6.68E+02 6.55E+01 3.03E+00

alpha z (m) 0.04 z-direction 1 0 0 210 5.97E+02 5.87E+01 2.72E+00

Time (yr) 100 0 1000 220 5.35E+02 5.25E+01 2.43E+00

230 4.79E+02 4.71E+01 2.18E+00

240 4.30E+02 4.22E+01 1.95E+00

250 3.85E+02 3.78E+01 1.75E+00

260 3.46E+02 3.39E+01 1.57E+00

270 3.10E+02 3.05E+01 1.41E+00

280 2.79E+02 2.74E+01 1.27E+00

290 2.50E+02 2.46E+01 1.14E+00

300 2.25E+02 2.21E+01 1.02E+00

310 2.02E+02 1.99E+01 9.20E-01

320 1.82E+02 1.79E+01 8.27E-01

330 1.64E+02 1.61E+01 7.44E-01

340 1.47E+02 1.45E+01 6.70E-01

350 1.33E+02 1.30E+01 6.03E-01

360 1.19E+02 1.17E+01 5.43E-01

370 1.08E+02 1.06E+01 4.89E-01

380 9.68E+01 9.51E+00 4.40E-01

390 8.73E+01 8.57E+00 3.97E-01

400 7.86E+01 7.72E+00 3.57E-01

410 7.09E+01 6.96E+00 3.22E-01

420 6.39E+01 6.27E+00 2.91E-01

430 5.76E+01 5.66E+00 2.62E-01

440 5.20E+01 5.10E+00 2.36E-01

450 4.69E+01 4.60E+00 2.13E-01

460 4.23E+01 4.15E+00 1.92E-01

470 3.82E+01 3.75E+00 1.74E-01

480 3.44E+01 3.38E+00 1.57E-01

490 3.11E+01 3.05E+00 1.41E-01

Component 2: 1,2-DCE

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment C-3

GW-2: Limited Action

500 2.81E+01 2.75E+00 1.28E-01

510 2.53E+01 2.49E+00 1.15E-01

520 2.29E+01 2.25E+00 1.04E-01

530 2.07E+01 2.03E+00 9.39E-02

540 1.87E+01 1.83E+00 8.48E-02

550 1.68E+01 1.65E+00 7.66E-02

560 1.52E+01 1.49E+00 6.92E-02

570 1.37E+01 1.35E+00 6.25E-02

580 1.24E+01 1.22E+00 5.64E-02

590 1.12E+01 1.10E+00 5.10E-02

600 1.01E+01 9.95E-01 4.61E-02

610 9.16E+00 8.99E-01 4.16E-02

620 8.28E+00 8.13E-01 3.76E-02

630 7.48E+00 7.34E-01 3.40E-02

640 6.76E+00 6.64E-01 3.07E-02

650 6.11E+00 6.00E-01 2.78E-02

660 5.52E+00 5.42E-01 2.51E-02

670 4.99E+00 4.90E-01 2.27E-02

680 4.51E+00 4.43E-01 2.05E-02

690 4.08E+00 4.01E-01 1.85E-02

700 3.69E+00 3.62E-01 1.68E-02

710 3.33E+00 3.27E-01 1.52E-02

720 3.01E+00 2.96E-01 1.37E-02

730 2.73E+00 2.68E-01 1.24E-02

740 2.46E+00 2.42E-01 1.12E-02

750 2.23E+00 2.19E-01 1.01E-02

760 2.02E+00 1.98E-01 9.16E-03

770 1.82E+00 1.79E-01 8.28E-03

780 1.65E+00 1.62E-01 7.49E-03

790 1.49E+00 1.46E-01 6.78E-03

800 1.35E+00 1.32E-01 6.13E-03

810 1.22E+00 1.20E-01 5.54E-03

820 1.10E+00 1.08E-01 5.01E-03

830 9.97E-01 9.79E-02 4.53E-03

840 9.02E-01 8.85E-02 4.10E-03

850 8.16E-01 8.01E-02 3.71E-03

860 7.38E-01 7.24E-02 3.35E-03

870 6.67E-01 6.55E-02 3.03E-03

880 6.04E-01 5.93E-02 2.74E-03

890 5.46E-01 5.36E-02 2.48E-03

900 4.94E-01 4.85E-02 2.25E-03

910 4.47E-01 4.39E-02 2.03E-03

920 4.04E-01 3.97E-02 1.84E-03

930 3.66E-01 3.59E-02 1.66E-03

940 3.31E-01 3.25E-02 1.50E-03

950 2.99E-01 2.94E-02 1.36E-03

960 2.71E-01 2.66E-02 1.23E-03

970 2.45E-01 2.40E-02 1.11E-03

980 2.21E-01 2.17E-02 1.01E-03

990 2.00E-01 1.97E-02 9.11E-04

1000 1.81E-01 1.78E-02 8.24E-04



Attachment C-4

GW-2: Limited Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 420 210

Date Achieved 2380 2170

Time from 2020 (yrs) 360 150

Input parameters: Output results (450 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 100 0.1 0.13 1.05 20 2.83E+02 2.32E+01 1.02E+00

Gamma 2 time (yr): 0.1 0.13 1.05 30 3.96E+03 3.25E+02 1.43E+01

65 0.05 0.08 1 40 3.77E+03 3.09E+02 1.36E+01

Width (m) 100 Yield 0.161 50 3.29E+03 2.70E+02 1.19E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 2.87E+03 2.36E+02 1.04E+01

Darcy Velocity (m/yr) 6.8 0.85 0.85 0.85 70 2.13E+03 2.74E+02 1.27E+01

Porosity 0.25 0.85 0.85 0.85 80 1.33E+03 1.78E+02 8.34E+00

0.8 0.8 0.8 90 6.64E+02 8.86E+01 4.15E+00

Fraction Removed 0.2 Yield 0 100 5.15E+02 6.87E+01 3.22E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 110 4.55E+02 6.07E+01 2.85E+00

Remed. End (yr) 65 3.05 3.05 3.05 120 4.03E+02 5.39E+01 2.52E+00

Source Decay (1/yr) 0.005 3.05 3.05 3.05 130 3.58E+02 4.78E+01 2.24E+00

3 3 3 140 3.18E+02 4.25E+01 1.99E+00

Retardation Factor 1.5 Dist. from Source 150 2.83E+02 3.78E+01 1.77E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 2.52E+02 3.37E+01 1.58E+00

vMin 0 170 2.25E+02 3.00E+01 1.41E+00

vMax 1.5648 Intervals Min Value Max Value 180 2.01E+02 2.68E+01 1.26E+00

#Stream Tubes 100 x-direction (m) 21 0.01 1000 190 1.79E+02 2.39E+01 1.12E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 1.60E+02 2.14E+01 1.00E+00

alpha z (m) 0.04 z-direction 1 0 0 210 1.43E+02 1.91E+01 8.95E-01

Time (yr) 100 0 1000 220 1.28E+02 1.71E+01 8.01E-01

230 1.15E+02 1.53E+01 7.17E-01

240 1.03E+02 1.37E+01 6.42E-01

250 9.20E+01 1.23E+01 5.76E-01

260 8.25E+01 1.10E+01 5.16E-01

270 7.40E+01 9.88E+00 4.63E-01

280 6.64E+01 8.87E+00 4.16E-01

290 5.96E+01 7.97E+00 3.73E-01

300 5.36E+01 7.15E+00 3.35E-01

310 4.81E+01 6.43E+00 3.01E-01

320 4.33E+01 5.78E+00 2.71E-01

330 3.89E+01 5.20E+00 2.44E-01

340 3.50E+01 4.68E+00 2.19E-01

350 3.15E+01 4.21E+00 1.97E-01

360 2.84E+01 3.79E+00 1.77E-01

370 2.55E+01 3.41E+00 1.60E-01

380 2.30E+01 3.07E+00 1.44E-01

390 2.07E+01 2.77E+00 1.30E-01

400 1.87E+01 2.49E+00 1.17E-01

410 1.68E+01 2.24E+00 1.05E-01

420 1.52E+01 2.02E+00 9.48E-02

430 1.37E+01 1.82E+00 8.55E-02

440 1.23E+01 1.64E+00 7.71E-02

450 1.11E+01 1.48E+00 6.95E-02

460 1.00E+01 1.34E+00 6.27E-02

470 9.04E+00 1.21E+00 5.66E-02

480 8.16E+00 1.09E+00 5.10E-02

490 7.36E+00 9.83E-01 4.61E-02

500 6.64E+00 8.87E-01 4.16E-02

510 6.00E+00 8.01E-01 3.75E-02

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Initial Source

Tme to Achieve:

Simulation Parameters

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal
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Attachment C-4

GW-2: Limited Action

520 5.41E+00 7.23E-01 3.39E-02

530 4.89E+00 6.53E-01 3.06E-02

540 4.41E+00 5.89E-01 2.76E-02

550 3.98E+00 5.32E-01 2.49E-02

560 3.60E+00 4.81E-01 2.25E-02

570 3.25E+00 4.34E-01 2.03E-02

580 2.94E+00 3.92E-01 1.84E-02

590 2.65E+00 3.54E-01 1.66E-02

600 2.40E+00 3.20E-01 1.50E-02

610 2.17E+00 2.89E-01 1.35E-02

620 1.96E+00 2.61E-01 1.22E-02

630 1.77E+00 2.36E-01 1.11E-02

640 1.60E+00 2.13E-01 1.00E-02

650 1.44E+00 1.93E-01 9.03E-03

660 1.30E+00 1.74E-01 8.17E-03

670 1.18E+00 1.58E-01 7.38E-03

680 1.07E+00 1.42E-01 6.67E-03

690 9.64E-01 1.29E-01 6.03E-03

700 8.71E-01 1.16E-01 5.45E-03

710 7.88E-01 1.05E-01 4.93E-03

720 7.12E-01 9.51E-02 4.46E-03

730 6.44E-01 8.60E-02 4.03E-03

740 5.82E-01 7.77E-02 3.64E-03

750 5.26E-01 7.03E-02 3.29E-03

760 4.76E-01 6.36E-02 2.98E-03

770 4.30E-01 5.75E-02 2.69E-03

780 3.89E-01 5.20E-02 2.44E-03

790 3.52E-01 4.70E-02 2.20E-03

800 3.18E-01 4.25E-02 1.99E-03

810 2.88E-01 3.84E-02 1.80E-03

820 2.60E-01 3.48E-02 1.63E-03

830 2.35E-01 3.14E-02 1.47E-03

840 2.13E-01 2.84E-02 1.33E-03

850 1.93E-01 2.57E-02 1.20E-03

860 1.74E-01 2.33E-02 1.09E-03

870 1.58E-01 2.10E-02 9.86E-04

880 1.42E-01 1.90E-02 8.92E-04

890 1.29E-01 1.72E-02 8.06E-04

900 1.17E-01 1.56E-02 7.29E-04

910 1.05E-01 1.41E-02 6.60E-04

920 9.54E-02 1.27E-02 5.97E-04

930 8.63E-02 1.15E-02 5.40E-04

940 7.80E-02 1.04E-02 4.88E-04

950 7.06E-02 9.43E-03 4.42E-04

960 6.39E-02 8.53E-03 4.00E-04

970 5.78E-02 7.72E-03 3.62E-04

980 5.23E-02 6.98E-03 3.27E-04

990 4.73E-02 6.31E-03 2.96E-04

1000 4.28E-02 5.71E-03 2.68E-04



Attachment C-5

GW-2: Limited Action

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 370 160

Date Achieved 2330 2120

Time from 2020 (yrs) 310 100

Input parameters: Output results (550 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 100 0.1 0.13 1.05 20 4.67E-01 3.83E-02 1.69E-03

Gamma 2 time (yr): 0.1 0.13 1.05 30 1.59E+03 1.31E+02 5.78E+00

65 0.05 0.08 1 40 2.66E+03 2.19E+02 9.66E+00

Width (m) 100 Yield 0.161 50 2.37E+03 1.95E+02 8.61E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 2.07E+03 1.70E+02 7.52E+00

Darcy Velocity (m/yr) 6.8 0.85 0.85 0.85 70 1.53E+03 1.98E+02 9.16E+00

Porosity 0.25 0.85 0.85 0.85 80 9.63E+02 1.29E+02 6.03E+00

0.8 0.8 0.8 90 5.51E+02 7.37E+01 3.45E+00

Fraction Removed 0.2 Yield 0 100 3.20E+02 4.28E+01 2.00E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 110 2.73E+02 3.65E+01 1.71E+00

Remed. End (yr) 65 3.05 3.05 3.05 120 2.42E+02 3.23E+01 1.52E+00

Source Decay (1/yr) 0.005 3.05 3.05 3.05 130 2.15E+02 2.87E+01 1.34E+00

3 3 3 140 1.91E+02 2.55E+01 1.19E+00

Retardation Factor 1.5 Dist. from Source 150 1.70E+02 2.27E+01 1.06E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 160 1.51E+02 2.02E+01 9.46E-01

vMin 0 170 1.35E+02 1.80E+01 8.43E-01

vMax 1.5648 Intervals Min Value Max Value 180 1.20E+02 1.60E+01 7.51E-01

#Stream Tubes 100 x-direction (m) 21 0.01 1000 190 1.07E+02 1.43E+01 6.71E-01

alpha y (m) 0.4 y-direction (m) 1 0 0 200 9.57E+01 1.28E+01 5.99E-01

alpha z (m) 0.04 z-direction 1 0 0 210 8.55E+01 1.14E+01 5.35E-01

Time (yr) 100 0 1000 220 7.65E+01 1.02E+01 4.79E-01

230 6.84E+01 9.14E+00 4.29E-01

240 6.13E+01 8.19E+00 3.84E-01

250 5.49E+01 7.34E+00 3.44E-01

260 4.92E+01 6.58E+00 3.08E-01

270 4.42E+01 5.90E+00 2.76E-01

280 3.96E+01 5.29E+00 2.48E-01

290 3.56E+01 4.75E+00 2.23E-01

300 3.19E+01 4.27E+00 2.00E-01

310 2.87E+01 3.83E+00 1.80E-01

320 2.58E+01 3.45E+00 1.62E-01

330 2.32E+01 3.10E+00 1.45E-01

340 2.09E+01 2.79E+00 1.31E-01

350 1.88E+01 2.51E+00 1.17E-01

360 1.69E+01 2.26E+00 1.06E-01

370 1.52E+01 2.03E+00 9.52E-02

380 1.37E+01 1.83E+00 8.57E-02

390 1.23E+01 1.65E+00 7.72E-02

400 1.11E+01 1.48E+00 6.95E-02

410 1.00E+01 1.34E+00 6.27E-02

420 9.02E+00 1.20E+00 5.65E-02

430 8.13E+00 1.09E+00 5.09E-02

440 7.33E+00 9.79E-01 4.59E-02

450 6.61E+00 8.83E-01 4.14E-02

460 5.96E+00 7.96E-01 3.73E-02

470 5.38E+00 7.18E-01 3.37E-02

480 4.85E+00 6.48E-01 3.04E-02

490 4.38E+00 5.85E-01 2.74E-02

500 3.95E+00 5.28E-01 2.47E-02

510 3.57E+00 4.76E-01 2.23E-02

Tme to Achieve:

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment C-5

GW-2: Limited Action

520 3.22E+00 4.30E-01 2.02E-02

530 2.91E+00 3.88E-01 1.82E-02

540 2.62E+00 3.51E-01 1.64E-02

550 2.37E+00 3.17E-01 1.48E-02

560 2.14E+00 2.86E-01 1.34E-02

570 1.93E+00 2.58E-01 1.21E-02

580 1.75E+00 2.33E-01 1.09E-02

590 1.58E+00 2.11E-01 9.87E-03

600 1.42E+00 1.90E-01 8.92E-03

610 1.29E+00 1.72E-01 8.06E-03

620 1.16E+00 1.55E-01 7.28E-03

630 1.05E+00 1.40E-01 6.58E-03

640 9.50E-01 1.27E-01 5.95E-03

650 8.58E-01 1.15E-01 5.37E-03

660 7.76E-01 1.04E-01 4.86E-03

670 7.01E-01 9.37E-02 4.39E-03

680 6.34E-01 8.47E-02 3.97E-03

690 5.73E-01 7.65E-02 3.59E-03

700 5.18E-01 6.92E-02 3.24E-03

710 4.68E-01 6.25E-02 2.93E-03

720 4.23E-01 5.65E-02 2.65E-03

730 3.83E-01 5.11E-02 2.40E-03

740 3.46E-01 4.62E-02 2.17E-03

750 3.13E-01 4.18E-02 1.96E-03

760 2.83E-01 3.78E-02 1.77E-03

770 2.56E-01 3.42E-02 1.60E-03

780 2.31E-01 3.09E-02 1.45E-03

790 2.09E-01 2.79E-02 1.31E-03

800 1.89E-01 2.53E-02 1.18E-03

810 1.71E-01 2.28E-02 1.07E-03

820 1.55E-01 2.07E-02 9.68E-04

830 1.40E-01 1.87E-02 8.76E-04

840 1.26E-01 1.69E-02 7.92E-04

850 1.14E-01 1.53E-02 7.16E-04

860 1.03E-01 1.38E-02 6.48E-04

870 9.36E-02 1.25E-02 5.86E-04

880 8.46E-02 1.13E-02 5.30E-04

890 7.66E-02 1.02E-02 4.79E-04

900 6.93E-02 9.25E-03 4.34E-04

910 6.26E-02 8.37E-03 3.92E-04

920 5.67E-02 7.57E-03 3.55E-04

930 5.13E-02 6.85E-03 3.21E-04

940 4.64E-02 6.19E-03 2.90E-04

950 4.19E-02 5.60E-03 2.63E-04

960 3.79E-02 5.07E-03 2.38E-04

970 3.43E-02 4.59E-03 2.15E-04

980 3.10E-02 4.15E-03 1.94E-04

990 2.81E-02 3.75E-03 1.76E-04

1000 2.54E-02 3.39E-03 1.59E-04



Attachment D-1

GW-4: Nyacol/WAC In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 335 105

Date Achieved 2295 2065

Time from 2020 (yrs) 275 45

Input parameters: Output results (10 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 4.94E+04 5.96E+02 1.08E+01

Mass (Kg) 34,000 70 0.12 0.15 1.07 10 4.60E+04 5.56E+02 1.01E+01

Gamma 2 time (yr): 0.1 0.13 1.05 15 4.29E+04 5.18E+02 9.37E+00

60 0.05 0.08 1 20 4.00E+04 4.83E+02 8.74E+00

Width (m) 100 Yield 0.161 25 3.73E+04 4.51E+02 8.16E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 3.49E+04 4.21E+02 7.62E+00

Darcy Velocity (m/yr) 6.8 0.87 0.87 0.87 35 3.26E+04 3.94E+02 7.12E+00

Porosity 0.25 0.85 0.85 0.85 40 3.05E+04 3.68E+02 6.66E+00

0.8 0.8 0.8 45 2.85E+04 3.44E+02 6.23E+00

Fraction Removed 0.9 Yield 0 50 2.67E+04 3.22E+02 5.84E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 2.50E+04 3.02E+02 5.47E+00

Remed. End (yr) 70 3.07 3.07 3.07 60 2.34E+04 2.83E+02 5.12E+00

Source Decay (1/yr) 0.005 3.05 3.05 3.05 65 8.24E+03 2.00E+02 3.85E+00

3 3 3 70 5.20E+02 1.27E+01 2.47E-01

Retardation Factor 1.5 Dist. from Source 75 2.16E+02 6.27E+00 1.23E-01

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 80 2.06E+02 5.96E+00 1.17E-01

vMin 0 85 1.95E+02 5.66E+00 1.11E-01

vMax 1.5648 Intervals Min Value Max Value 90 1.86E+02 5.38E+00 1.06E-01

#Stream Tubes 100 x-direction (m) 11 0.01 1000 95 1.76E+02 5.11E+00 1.00E-01

alpha y (m) 0.4 y-direction (m) 1 0 0 100 1.67E+02 4.85E+00 9.55E-02

alpha z (m) 0.04 z-direction 1 0 0 105 1.59E+02 4.61E+00 9.07E-02

Time (yr) 100 0 500 110 1.51E+02 4.38E+00 8.62E-02

115 1.44E+02 4.16E+00 8.19E-02

120 1.36E+02 3.95E+00 7.78E-02

125 1.30E+02 3.76E+00 7.39E-02

130 1.23E+02 3.57E+00 7.02E-02

135 1.17E+02 3.39E+00 6.67E-02

140 1.11E+02 3.22E+00 6.34E-02

145 1.06E+02 3.06E+00 6.03E-02

150 1.00E+02 2.91E+00 5.73E-02

155 9.55E+01 2.77E+00 5.44E-02

160 9.07E+01 2.63E+00 5.17E-02

165 8.62E+01 2.50E+00 4.91E-02

170 8.19E+01 2.37E+00 4.67E-02

175 7.79E+01 2.26E+00 4.44E-02

180 7.40E+01 2.14E+00 4.22E-02

185 7.03E+01 2.04E+00 4.01E-02

190 6.69E+01 1.94E+00 3.81E-02

195 6.35E+01 1.84E+00 3.62E-02

200 6.04E+01 1.75E+00 3.44E-02

205 5.74E+01 1.66E+00 3.27E-02

210 5.46E+01 1.58E+00 3.11E-02

215 5.19E+01 1.50E+00 2.96E-02

220 4.93E+01 1.43E+00 2.81E-02

225 4.69E+01 1.36E+00 2.67E-02

230 4.46E+01 1.29E+00 2.54E-02

235 4.24E+01 1.23E+00 2.41E-02

240 4.03E+01 1.17E+00 2.30E-02

245 3.83E+01 1.11E+00 2.18E-02

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Component 2: 1,2-DCE

Component 3: VC

Simulation Parameters

Source Remediation

Transport Parameters
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Attachment D-1

GW-4: Nyacol/WAC In-Situ Treatment

250 3.64E+01 1.05E+00 2.07E-02

255 3.46E+01 1.00E+00 1.97E-02

260 3.29E+01 9.53E-01 1.88E-02

265 3.13E+01 9.06E-01 1.78E-02

270 2.97E+01 8.62E-01 1.69E-02

275 2.83E+01 8.19E-01 1.61E-02

280 2.69E+01 7.79E-01 1.53E-02

285 2.55E+01 7.40E-01 1.46E-02

290 2.43E+01 7.04E-01 1.38E-02

295 2.31E+01 6.69E-01 1.32E-02

300 2.20E+01 6.36E-01 1.25E-02

305 2.09E+01 6.05E-01 1.19E-02

310 1.99E+01 5.75E-01 1.13E-02

315 1.89E+01 5.47E-01 1.08E-02

320 1.79E+01 5.20E-01 1.02E-02

325 1.71E+01 4.95E-01 9.73E-03

330 1.62E+01 4.70E-01 9.25E-03

335 1.54E+01 4.47E-01 8.80E-03

340 1.47E+01 4.25E-01 8.36E-03

345 1.40E+01 4.04E-01 7.95E-03

350 1.33E+01 3.84E-01 7.56E-03

355 1.26E+01 3.66E-01 7.19E-03

360 1.20E+01 3.48E-01 6.84E-03

365 1.14E+01 3.31E-01 6.50E-03

370 1.08E+01 3.14E-01 6.18E-03

375 1.03E+01 2.99E-01 5.88E-03

380 9.81E+00 2.84E-01 5.59E-03

385 9.33E+00 2.70E-01 5.32E-03

390 8.87E+00 2.57E-01 5.06E-03

395 8.43E+00 2.44E-01 4.81E-03

400 8.02E+00 2.32E-01 4.57E-03

405 7.63E+00 2.21E-01 4.35E-03

410 7.25E+00 2.10E-01 4.14E-03

415 6.90E+00 2.00E-01 3.93E-03

420 6.56E+00 1.90E-01 3.74E-03

425 6.24E+00 1.81E-01 3.56E-03

430 5.93E+00 1.72E-01 3.38E-03

435 5.64E+00 1.64E-01 3.22E-03

440 5.37E+00 1.55E-01 3.06E-03

445 5.10E+00 1.48E-01 2.91E-03

450 4.85E+00 1.41E-01 2.77E-03

455 4.62E+00 1.34E-01 2.63E-03

460 4.39E+00 1.27E-01 2.50E-03

465 4.17E+00 1.21E-01 2.38E-03

470 3.97E+00 1.15E-01 2.26E-03

475 3.78E+00 1.09E-01 2.15E-03

480 3.59E+00 1.04E-01 2.05E-03

485 3.42E+00 9.90E-02 1.95E-03

490 3.25E+00 9.41E-02 1.85E-03

495 3.09E+00 8.95E-02 1.76E-03

500 2.94E+00 8.51E-02 1.67E-03



Attachment D-2

GW-4: Nyacol/WAC In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 235 80

Date Achieved 2195 2040

Time from 2020 (yrs) 175 20

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 6.09E+03 2.71E+02 1.14E+01

Mass (Kg) 34,000 70 0.12 0.15 1.07 10 2.23E+04 1.03E+03 4.38E+01

Gamma 2 time (yr): 0.1 0.13 1.05 15 2.08E+04 9.58E+02 4.08E+01

60 0.05 0.08 1 20 1.94E+04 8.93E+02 3.80E+01

Width (m) 100 Yield 0.161 25 1.81E+04 8.33E+02 3.55E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 1.69E+04 7.77E+02 3.31E+01

Darcy Velocity (m/yr) 6.8 0.87 0.87 0.87 35 1.57E+04 7.26E+02 3.09E+01

Porosity 0.25 0.85 0.85 0.85 40 1.47E+04 6.79E+02 2.89E+01

0.8 0.8 0.8 45 1.38E+04 6.35E+02 2.70E+01

Fraction Removed 0.9 Yield 0 50 1.29E+04 5.94E+02 2.53E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 1.21E+04 5.56E+02 2.37E+01

Remed. End (yr) 70 3.07 3.07 3.07 60 1.13E+04 5.21E+02 2.22E+01

Source Decay (1/yr) 0.005 3.05 3.05 3.05 65 8.86E+03 8.09E+02 3.65E+01

3 3 3 70 3.21E+03 2.98E+02 1.35E+01

Retardation Factor 1.5 Dist. from Source 75 2.45E+02 2.74E+01 1.28E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 80 7.73E+01 8.55E+00 3.96E-01

vMin 0 85 7.34E+01 8.11E+00 3.76E-01

vMax 1.5648 Intervals Min Value Max Value 90 6.97E+01 7.71E+00 3.57E-01

#Stream Tubes 100 x-direction (m) 11 0.01 1000 95 6.62E+01 7.32E+00 3.39E-01

alpha y (m) 0.4 y-direction (m) 1 0 0 100 6.29E+01 6.96E+00 3.22E-01

alpha z (m) 0.04 z-direction 1 0 0 105 5.98E+01 6.61E+00 3.06E-01

Time (yr) 100 0 500 110 5.68E+01 6.28E+00 2.91E-01

115 5.39E+01 5.96E+00 2.76E-01

120 5.13E+01 5.67E+00 2.63E-01

125 4.87E+01 5.38E+00 2.49E-01

130 4.63E+01 5.12E+00 2.37E-01

135 4.40E+01 4.86E+00 2.25E-01

140 4.18E+01 4.62E+00 2.14E-01

145 3.97E+01 4.39E+00 2.03E-01

150 3.77E+01 4.17E+00 1.93E-01

155 3.58E+01 3.96E+00 1.84E-01

160 3.41E+01 3.77E+00 1.75E-01

165 3.24E+01 3.58E+00 1.66E-01

170 3.08E+01 3.40E+00 1.58E-01

175 2.92E+01 3.23E+00 1.50E-01

180 2.78E+01 3.07E+00 1.42E-01

185 2.64E+01 2.92E+00 1.35E-01

190 2.51E+01 2.78E+00 1.29E-01

195 2.39E+01 2.64E+00 1.22E-01

200 2.27E+01 2.51E+00 1.16E-01

205 2.16E+01 2.38E+00 1.10E-01

210 2.05E+01 2.27E+00 1.05E-01

215 1.95E+01 2.15E+00 9.98E-02

220 1.85E+01 2.05E+00 9.48E-02

225 1.76E+01 1.95E+00 9.02E-02

230 1.67E+01 1.85E+00 8.57E-02

235 1.59E+01 1.76E+00 8.15E-02

240 1.51E+01 1.67E+00 7.74E-02

245 1.44E+01 1.59E+00 7.36E-02

Initial Source

Tme to Achieve:

Simulation Parameters

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters
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Attachment D-2

GW-4: Nyacol/WAC In-Situ Treatment

250 1.37E+01 1.51E+00 7.00E-02

255 1.30E+01 1.44E+00 6.65E-02

260 1.23E+01 1.37E+00 6.33E-02

265 1.17E+01 1.30E+00 6.01E-02

270 1.12E+01 1.23E+00 5.72E-02

275 1.06E+01 1.17E+00 5.44E-02

280 1.01E+01 1.12E+00 5.17E-02

285 9.59E+00 1.06E+00 4.91E-02

290 9.12E+00 1.01E+00 4.67E-02

295 8.67E+00 9.59E-01 4.44E-02

300 8.24E+00 9.11E-01 4.22E-02

305 7.84E+00 8.66E-01 4.01E-02

310 7.45E+00 8.24E-01 3.82E-02

315 7.08E+00 7.83E-01 3.63E-02

320 6.74E+00 7.45E-01 3.45E-02

325 6.40E+00 7.08E-01 3.28E-02

330 6.09E+00 6.73E-01 3.12E-02

335 5.79E+00 6.40E-01 2.97E-02

340 5.51E+00 6.09E-01 2.82E-02

345 5.24E+00 5.79E-01 2.68E-02

350 4.98E+00 5.50E-01 2.55E-02

355 4.73E+00 5.23E-01 2.43E-02

360 4.50E+00 4.98E-01 2.31E-02

365 4.28E+00 4.73E-01 2.19E-02

370 4.07E+00 4.50E-01 2.09E-02

375 3.87E+00 4.28E-01 1.98E-02

380 3.68E+00 4.07E-01 1.89E-02

385 3.50E+00 3.87E-01 1.79E-02

390 3.33E+00 3.68E-01 1.71E-02

395 3.17E+00 3.50E-01 1.62E-02

400 3.01E+00 3.33E-01 1.54E-02

405 2.86E+00 3.16E-01 1.47E-02

410 2.72E+00 3.01E-01 1.39E-02

415 2.59E+00 2.86E-01 1.33E-02

420 2.46E+00 2.72E-01 1.26E-02

425 2.34E+00 2.59E-01 1.20E-02

430 2.23E+00 2.46E-01 1.14E-02

435 2.12E+00 2.34E-01 1.08E-02

440 2.01E+00 2.23E-01 1.03E-02

445 1.91E+00 2.12E-01 9.81E-03

450 1.82E+00 2.01E-01 9.33E-03

455 1.73E+00 1.91E-01 8.87E-03

460 1.65E+00 1.82E-01 8.44E-03

465 1.57E+00 1.73E-01 8.03E-03

470 1.49E+00 1.65E-01 7.63E-03

475 1.42E+00 1.57E-01 7.26E-03

480 1.35E+00 1.49E-01 6.90E-03

485 1.28E+00 1.42E-01 6.57E-03

490 1.22E+00 1.35E-01 6.24E-03

495 1.16E+00 1.28E-01 5.94E-03

500 1.10E+00 1.22E-01 5.65E-03



Attachment D-3

GW-4: Nyacol/WAC In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 170 85

Date Achieved 2130 2045

Time from 2020 (yrs) 110 25

Input parameters: Output results (200 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 70 0.12 0.15 1.07 10 3.81E+03 1.86E+02 8.11E+00

Gamma 2 time (yr): 0.1 0.13 1.05 15 1.33E+04 6.55E+02 2.85E+01

60 0.05 0.08 1 20 1.28E+04 6.27E+02 2.73E+01

Width (m) 100 Yield 0.161 25 1.19E+04 5.85E+02 2.55E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 1.11E+04 5.45E+02 2.38E+01

Darcy Velocity (m/yr) 6.8 0.87 0.87 0.87 35 1.04E+04 5.09E+02 2.22E+01

Porosity 0.25 0.85 0.85 0.85 40 9.69E+03 4.76E+02 2.07E+01

0.8 0.8 0.8 45 9.05E+03 4.44E+02 1.94E+01

Fraction Removed 0.9 Yield 0 50 8.46E+03 4.16E+02 1.81E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 7.92E+03 3.89E+02 1.69E+01

Remed. End (yr) 70 3.07 3.07 3.07 60 7.41E+03 3.64E+02 1.59E+01

Source Decay (1/yr) 0.005 3.05 3.05 3.05 65 5.88E+03 5.55E+02 2.53E+01

3 3 3 70 4.56E+03 4.47E+02 2.07E+01

Retardation Factor 1.5 Dist. from Source 75 1.80E+03 2.10E+02 9.91E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 80 2.38E+02 2.81E+01 1.34E+00

vMin 0 85 4.02E+01 4.74E+00 2.25E-01

vMax 1.5648 Intervals Min Value Max Value 90 3.49E+01 4.11E+00 1.95E-01

#Stream Tubes 100 x-direction (m) 11 0.01 1000 95 3.31E+01 3.89E+00 1.85E-01

alpha y (m) 0.4 y-direction (m) 1 0 0 100 3.14E+01 3.70E+00 1.75E-01

alpha z (m) 0.04 z-direction 1 0 0 105 2.98E+01 3.51E+00 1.67E-01

Time (yr) 100 0 500 110 2.83E+01 3.34E+00 1.58E-01

115 2.69E+01 3.17E+00 1.50E-01

120 2.56E+01 3.01E+00 1.43E-01

125 2.43E+01 2.86E+00 1.36E-01

130 2.31E+01 2.72E+00 1.29E-01

135 2.19E+01 2.58E+00 1.23E-01

140 2.08E+01 2.46E+00 1.16E-01

145 1.98E+01 2.33E+00 1.11E-01

150 1.88E+01 2.22E+00 1.05E-01

155 1.79E+01 2.11E+00 9.99E-02

160 1.70E+01 2.00E+00 9.49E-02

165 1.62E+01 1.90E+00 9.02E-02

170 1.54E+01 1.81E+00 8.57E-02

175 1.46E+01 1.72E+00 8.15E-02

180 1.39E+01 1.63E+00 7.74E-02

185 1.32E+01 1.55E+00 7.36E-02

190 1.25E+01 1.48E+00 6.99E-02

195 1.19E+01 1.40E+00 6.65E-02

200 1.13E+01 1.33E+00 6.32E-02

205 1.08E+01 1.27E+00 6.00E-02

210 1.02E+01 1.20E+00 5.71E-02

215 9.72E+00 1.14E+00 5.42E-02

220 9.24E+00 1.09E+00 5.16E-02

225 8.78E+00 1.03E+00 4.90E-02

230 8.35E+00 9.83E-01 4.66E-02

235 7.93E+00 9.34E-01 4.43E-02

240 7.54E+00 8.88E-01 4.21E-02

245 7.17E+00 8.44E-01 4.00E-02

Component 2: 1,2-DCE

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment D-3

GW-4: Nyacol/WAC In-Situ Treatment

250 6.81E+00 8.03E-01 3.80E-02

255 6.48E+00 7.63E-01 3.62E-02

260 6.16E+00 7.26E-01 3.44E-02

265 5.85E+00 6.90E-01 3.27E-02

270 5.57E+00 6.56E-01 3.11E-02

275 5.29E+00 6.23E-01 2.95E-02

280 5.03E+00 5.93E-01 2.81E-02

285 4.78E+00 5.63E-01 2.67E-02

290 4.55E+00 5.36E-01 2.54E-02

295 4.32E+00 5.09E-01 2.41E-02

300 4.11E+00 4.84E-01 2.30E-02

305 3.91E+00 4.60E-01 2.18E-02

310 3.72E+00 4.38E-01 2.07E-02

315 3.53E+00 4.16E-01 1.97E-02

320 3.36E+00 3.96E-01 1.88E-02

325 3.19E+00 3.76E-01 1.78E-02

330 3.04E+00 3.58E-01 1.70E-02

335 2.89E+00 3.40E-01 1.61E-02

340 2.75E+00 3.23E-01 1.53E-02

345 2.61E+00 3.08E-01 1.46E-02

350 2.48E+00 2.92E-01 1.39E-02

355 2.36E+00 2.78E-01 1.32E-02

360 2.24E+00 2.64E-01 1.25E-02

365 2.13E+00 2.51E-01 1.19E-02

370 2.03E+00 2.39E-01 1.13E-02

375 1.93E+00 2.27E-01 1.08E-02

380 1.84E+00 2.16E-01 1.02E-02

385 1.75E+00 2.06E-01 9.74E-03

390 1.66E+00 1.96E-01 9.27E-03

395 1.58E+00 1.86E-01 8.81E-03

400 1.50E+00 1.77E-01 8.38E-03

405 1.43E+00 1.68E-01 7.97E-03

410 1.36E+00 1.60E-01 7.58E-03

415 1.29E+00 1.52E-01 7.21E-03

420 1.23E+00 1.45E-01 6.85E-03

425 1.17E+00 1.38E-01 6.52E-03

430 1.11E+00 1.31E-01 6.20E-03

435 1.06E+00 1.24E-01 5.89E-03

440 1.00E+00 1.18E-01 5.61E-03

445 9.55E-01 1.12E-01 5.33E-03

450 9.08E-01 1.07E-01 5.07E-03

455 8.64E-01 1.02E-01 4.82E-03

460 8.21E-01 9.67E-02 4.59E-03

465 7.81E-01 9.20E-02 4.36E-03

470 7.43E-01 8.75E-02 4.15E-03

475 7.06E-01 8.32E-02 3.94E-03

480 6.72E-01 7.91E-02 3.75E-03

485 6.39E-01 7.53E-02 3.57E-03

490 6.08E-01 7.16E-02 3.39E-03

495 5.78E-01 6.81E-02 3.23E-03

500 5.50E-01 6.47E-02 3.07E-03



Attachment D-4

GW-4: Nyacol/WAC In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 100 92

Date Achieved 2060 2052

Time from 2020 (yrs) 40 32

Input parameters: Output results (450 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 70 0.11 0.14 1.06 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.13 1.05 6 0.00E+00 0.00E+00 0.00E+00

60 0.05 0.08 1 8 0.00E+00 0.00E+00 0.00E+00

Width (m) 100 Yield 0.161 10 0.00E+00 0.00E+00 0.00E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 0.00E+00 0.00E+00 0.00E+00

Darcy Velocity (m/yr) 6.8 0.86 0.86 0.86 14 0.00E+00 0.00E+00 0.00E+00

Porosity 0.25 0.85 0.85 0.85 16 1.30E-01 1.07E-02 4.69E-04

0.8 0.8 0.8 18 2.44E+01 2.00E+00 8.81E-02

Fraction Removed 0.9 Yield 0 20 2.83E+02 2.32E+01 1.02E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.03E+03 8.46E+01 3.73E+00

Remed. End (yr) 70 3.06 3.06 3.06 24 2.13E+03 1.75E+02 7.71E+00

Source Decay (1/yr) 0.005 3.05 3.05 3.05 26 3.08E+03 2.53E+02 1.11E+01

3 3 3 28 3.63E+03 2.99E+02 1.32E+01

Retardation Factor 1.5 Dist. from Source 30 3.96E+03 3.25E+02 1.43E+01

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 32 4.03E+03 3.31E+02 1.46E+01

vMin 0 34 4.02E+03 3.30E+02 1.46E+01

vMax 1.5648 Intervals Min Value Max Value 36 3.96E+03 3.25E+02 1.43E+01

#Stream Tubes 100 x-direction (m) 21 0.01 1000 38 3.86E+03 3.17E+02 1.40E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 3.77E+03 3.09E+02 1.36E+01

alpha z (m) 0.04 z-direction 1 0 0 42 3.67E+03 3.01E+02 1.33E+01

Time (yr) 100 0 200 44 3.57E+03 2.93E+02 1.29E+01

46 3.47E+03 2.85E+02 1.26E+01

48 3.38E+03 2.78E+02 1.22E+01

50 3.29E+03 2.70E+02 1.19E+01

52 3.20E+03 2.63E+02 1.16E+01

54 3.11E+03 2.56E+02 1.13E+01

56 3.03E+03 2.49E+02 1.10E+01

58 2.95E+03 2.42E+02 1.07E+01

60 2.87E+03 2.36E+02 1.04E+01

62 2.61E+03 2.98E+02 1.32E+01

64 2.38E+03 3.00E+02 1.38E+01

66 2.17E+03 2.83E+02 1.32E+01

68 1.98E+03 2.62E+02 1.22E+01

70 1.80E+03 2.40E+02 1.12E+01

72 1.62E+03 2.26E+02 1.06E+01

74 1.46E+03 2.07E+02 9.78E+00

76 1.31E+03 1.87E+02 8.87E+00

78 1.18E+03 1.69E+02 8.01E+00

80 1.05E+03 1.51E+02 7.17E+00

82 9.16E+02 1.32E+02 6.24E+00

84 7.53E+02 1.08E+02 5.13E+00

86 5.71E+02 8.21E+01 3.89E+00

88 3.95E+02 5.68E+01 2.69E+00

90 2.47E+02 3.56E+01 1.69E+00

92 1.41E+02 2.02E+01 9.58E-01

94 7.42E+01 1.07E+01 5.06E-01

96 3.84E+01 5.52E+00 2.62E-01

98 2.10E+01 3.02E+00 1.43E-01

100 1.31E+01 1.89E+00 8.94E-02

102 9.62E+00 1.38E+00 6.56E-02

Initial Source

Tme to Achieve:

Simulation Parameters

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters
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Attachment D-4

GW-4: Nyacol/WAC In-Situ Treatment

104 8.07E+00 1.16E+00 5.50E-02

106 7.34E+00 1.06E+00 5.00E-02

108 6.94E+00 9.99E-01 4.73E-02

110 6.70E+00 9.63E-01 4.57E-02

112 6.52E+00 9.37E-01 4.44E-02

114 6.36E+00 9.15E-01 4.34E-02

116 6.23E+00 8.95E-01 4.24E-02

118 6.09E+00 8.76E-01 4.16E-02

120 5.97E+00 8.58E-01 4.07E-02

122 5.85E+00 8.41E-01 3.99E-02

124 5.73E+00 8.24E-01 3.90E-02

126 5.61E+00 8.07E-01 3.83E-02

128 5.50E+00 7.90E-01 3.75E-02

130 5.38E+00 7.74E-01 3.67E-02

132 5.28E+00 7.59E-01 3.60E-02

134 5.17E+00 7.43E-01 3.52E-02

136 5.06E+00 7.28E-01 3.45E-02

138 4.96E+00 7.14E-01 3.38E-02

140 4.86E+00 6.99E-01 3.31E-02

142 4.76E+00 6.85E-01 3.25E-02

144 4.67E+00 6.71E-01 3.18E-02

146 4.57E+00 6.57E-01 3.12E-02

148 4.48E+00 6.44E-01 3.05E-02

150 4.39E+00 6.31E-01 2.99E-02

152 4.30E+00 6.18E-01 2.93E-02

154 4.21E+00 6.06E-01 2.87E-02

156 4.13E+00 5.94E-01 2.81E-02

158 4.04E+00 5.82E-01 2.76E-02

160 3.96E+00 5.70E-01 2.70E-02

162 3.88E+00 5.58E-01 2.65E-02

164 3.80E+00 5.47E-01 2.59E-02

166 3.73E+00 5.36E-01 2.54E-02

168 3.65E+00 5.25E-01 2.49E-02

170 3.58E+00 5.15E-01 2.44E-02

172 3.51E+00 5.04E-01 2.39E-02

174 3.43E+00 4.94E-01 2.34E-02

176 3.37E+00 4.84E-01 2.29E-02

178 3.30E+00 4.74E-01 2.25E-02

180 3.23E+00 4.65E-01 2.20E-02

182 3.17E+00 4.55E-01 2.16E-02

184 3.10E+00 4.46E-01 2.12E-02

186 3.04E+00 4.37E-01 2.07E-02

188 2.98E+00 4.28E-01 2.03E-02

190 2.92E+00 4.20E-01 1.99E-02

192 2.86E+00 4.11E-01 1.95E-02

194 2.80E+00 4.03E-01 1.91E-02

196 2.75E+00 3.95E-01 1.87E-02

198 2.69E+00 3.87E-01 1.83E-02

200 2.64E+00 3.79E-01 1.80E-02



Attachment D-5

GW-4: Nyacol/WAC In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 104 96

Date Achieved 2064 2056

Time from 2020 (yrs) 44 36

Input parameters: Output results (550 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 70 0.11 0.14 1.06 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.13 1.05 6 0.00E+00 0.00E+00 0.00E+00

60 0.05 0.08 1 8 0.00E+00 0.00E+00 0.00E+00

Width (m) 100 Yield 0.161 10 0.00E+00 0.00E+00 0.00E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 0.00E+00 0.00E+00 0.00E+00

Darcy Velocity (m/yr) 6.8 0.86 0.86 0.86 14 0.00E+00 0.00E+00 0.00E+00

Porosity 0.25 0.85 0.85 0.85 16 0.00E+00 0.00E+00 0.00E+00

0.8 0.8 0.8 18 0.00E+00 0.00E+00 0.00E+00

Fraction Removed 0.9 Yield 0 20 4.67E-01 3.83E-02 1.69E-03

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.78E+01 1.47E+00 6.46E-02

Remed. End (yr) 70 3.06 3.06 3.06 24 1.27E+02 1.05E+01 4.62E-01

Source Decay (1/yr) 0.005 3.05 3.05 3.05 26 4.44E+02 3.65E+01 1.61E+00

3 3 3 28 1.07E+03 8.83E+01 3.90E+00

Retardation Factor 1.5 Dist. from Source 30 1.59E+03 1.31E+02 5.78E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 32 2.08E+03 1.71E+02 7.55E+00

vMin 0 34 2.45E+03 2.01E+02 8.87E+00

vMax 1.5648 Intervals Min Value Max Value 36 2.59E+03 2.13E+02 9.41E+00

#Stream Tubes 100 x-direction (m) 21 0.01 1000 38 2.66E+03 2.19E+02 9.64E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 40 2.66E+03 2.19E+02 9.66E+00

alpha z (m) 0.04 z-direction 1 0 0 42 2.62E+03 2.15E+02 9.50E+00

Time (yr) 100 0 200 44 2.56E+03 2.11E+02 9.30E+00

46 2.50E+03 2.06E+02 9.08E+00

48 2.44E+03 2.01E+02 8.85E+00

50 2.37E+03 1.95E+02 8.61E+00

52 2.31E+03 1.90E+02 8.38E+00

54 2.25E+03 1.85E+02 8.16E+00

56 2.19E+03 1.80E+02 7.94E+00

58 2.13E+03 1.75E+02 7.72E+00

60 2.07E+03 1.70E+02 7.52E+00

62 1.89E+03 2.15E+02 9.53E+00

64 1.72E+03 2.17E+02 9.96E+00

66 1.56E+03 2.05E+02 9.52E+00

68 1.43E+03 1.89E+02 8.83E+00

70 1.30E+03 1.73E+02 8.09E+00

72 1.17E+03 1.63E+02 7.66E+00

74 1.05E+03 1.49E+02 7.05E+00

76 9.43E+02 1.35E+02 6.40E+00

78 8.48E+02 1.22E+02 5.77E+00

80 7.62E+02 1.10E+02 5.20E+00

82 6.85E+02 9.86E+01 4.67E+00

84 6.13E+02 8.82E+01 4.18E+00

86 5.39E+02 7.76E+01 3.68E+00

88 4.56E+02 6.56E+01 3.11E+00

90 3.63E+02 5.22E+01 2.48E+00

92 2.69E+02 3.87E+01 1.84E+00

94 1.84E+02 2.65E+01 1.26E+00

96 1.17E+02 1.68E+01 7.98E-01

98 6.93E+01 9.97E+00 4.73E-01

100 3.93E+01 5.65E+00 2.68E-01

102 2.21E+01 3.18E+00 1.51E-01

Tme to Achieve:

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment D-5

GW-4: Nyacol/WAC In-Situ Treatment

104 1.29E+01 1.86E+00 8.82E-02

106 8.26E+00 1.19E+00 5.63E-02

108 5.94E+00 8.54E-01 4.05E-02

110 4.78E+00 6.88E-01 3.26E-02

112 4.19E+00 6.03E-01 2.86E-02

114 3.87E+00 5.57E-01 2.64E-02

116 3.68E+00 5.30E-01 2.51E-02

118 3.55E+00 5.11E-01 2.43E-02

120 3.46E+00 4.97E-01 2.36E-02

122 3.37E+00 4.85E-01 2.30E-02

124 3.30E+00 4.74E-01 2.25E-02

126 3.23E+00 4.64E-01 2.20E-02

128 3.16E+00 4.55E-01 2.16E-02

130 3.09E+00 4.45E-01 2.11E-02

132 3.03E+00 4.36E-01 2.07E-02

134 2.97E+00 4.27E-01 2.03E-02

136 2.91E+00 4.19E-01 1.98E-02

138 2.85E+00 4.10E-01 1.94E-02

140 2.79E+00 4.02E-01 1.91E-02

142 2.74E+00 3.94E-01 1.87E-02

144 2.68E+00 3.86E-01 1.83E-02

146 2.63E+00 3.78E-01 1.79E-02

148 2.57E+00 3.70E-01 1.76E-02

150 2.52E+00 3.63E-01 1.72E-02

152 2.47E+00 3.55E-01 1.69E-02

154 2.42E+00 3.48E-01 1.65E-02

156 2.37E+00 3.41E-01 1.62E-02

158 2.32E+00 3.34E-01 1.58E-02

160 2.28E+00 3.27E-01 1.55E-02

162 2.23E+00 3.21E-01 1.52E-02

164 2.18E+00 3.14E-01 1.49E-02

166 2.14E+00 3.08E-01 1.46E-02

168 2.10E+00 3.02E-01 1.43E-02

170 2.06E+00 2.96E-01 1.40E-02

172 2.01E+00 2.90E-01 1.37E-02

174 1.97E+00 2.84E-01 1.35E-02

176 1.93E+00 2.78E-01 1.32E-02

178 1.89E+00 2.73E-01 1.29E-02

180 1.86E+00 2.67E-01 1.27E-02

182 1.82E+00 2.62E-01 1.24E-02

184 1.78E+00 2.56E-01 1.22E-02

186 1.75E+00 2.51E-01 1.19E-02

188 1.71E+00 2.46E-01 1.17E-02

190 1.68E+00 2.41E-01 1.14E-02

192 1.64E+00 2.36E-01 1.12E-02

194 1.61E+00 2.32E-01 1.10E-02

196 1.58E+00 2.27E-01 1.08E-02

198 1.54E+00 2.22E-01 1.05E-02

200 1.51E+00 2.18E-01 1.03E-02



Attachment E-1

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 200 75

Date Achieved 2160 2035

Time from 2020 (yrs) 140 15

Input parameters: Output results (10 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 4.94E+04 5.96E+02 1.08E+01

Mass (Kg) 34,000 71 0.12 0.15 1.07 10 4.60E+04 5.56E+02 1.01E+01

Gamma 2 time (yr): 0.1 0.13 1.05 15 4.29E+04 5.18E+02 9.37E+00

60 0.05 0.08 1 20 4.00E+04 4.83E+02 8.74E+00

Width (m) 100 Yield 0.161 25 3.73E+04 4.51E+02 8.16E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 3.49E+04 4.21E+02 7.62E+00

Darcy Velocity (m/yr) 6.8 0.87 0.87 0.87 35 3.26E+04 3.94E+02 7.12E+00

Porosity 0.25 0.85 0.85 0.85 40 3.05E+04 3.68E+02 6.66E+00

0.8 0.8 0.8 45 2.85E+04 3.44E+02 6.23E+00

Fraction Removed 0.95 Yield 0 50 2.67E+04 3.22E+02 5.84E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 2.50E+04 3.02E+02 5.47E+00

Remed. End (yr) 71 3.07 3.07 3.07 60 2.34E+04 2.83E+02 5.12E+00

Source Decay (1/yr) 0.005 3.05 3.05 3.05 65 8.69E+03 2.10E+02 4.06E+00

3 3 3 70 7.83E+02 1.91E+01 3.70E-01

Retardation Factor 1.5 Dist. from Source 75 5.47E+01 1.59E+00 3.12E-02

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 80 5.20E+01 1.51E+00 2.96E-02

vMin 0 85 4.94E+01 1.43E+00 2.82E-02

vMax 1.5648 Intervals Min Value Max Value 90 4.70E+01 1.36E+00 2.68E-02

#Stream Tubes 100 x-direction (m) 11 0.01 100 95 4.47E+01 1.29E+00 2.55E-02

alpha y (m) 0.4 y-direction (m) 1 0 0 100 4.25E+01 1.23E+00 2.42E-02

alpha z (m) 0.04 z-direction 1 0 0 105 4.04E+01 1.17E+00 2.30E-02

Time (yr) 100 0 500 110 3.84E+01 1.11E+00 2.19E-02

115 3.65E+01 1.06E+00 2.08E-02

120 3.47E+01 1.00E+00 1.98E-02

125 3.30E+01 9.55E-01 1.88E-02

130 3.13E+01 9.08E-01 1.79E-02

135 2.98E+01 8.64E-01 1.70E-02

140 2.83E+01 8.21E-01 1.62E-02

145 2.69E+01 7.81E-01 1.54E-02

150 2.56E+01 7.42E-01 1.46E-02

155 2.43E+01 7.06E-01 1.39E-02

160 2.31E+01 6.71E-01 1.32E-02

165 2.20E+01 6.38E-01 1.25E-02

170 2.09E+01 6.06E-01 1.19E-02

175 1.99E+01 5.77E-01 1.13E-02

180 1.89E+01 5.48E-01 1.08E-02

185 1.80E+01 5.21E-01 1.03E-02

190 1.71E+01 4.96E-01 9.75E-03

195 1.63E+01 4.71E-01 9.27E-03

200 1.55E+01 4.48E-01 8.82E-03

205 1.47E+01 4.26E-01 8.38E-03

210 1.40E+01 4.05E-01 7.97E-03

215 1.33E+01 3.85E-01 7.58E-03

220 1.26E+01 3.66E-01 7.21E-03

225 1.20E+01 3.48E-01 6.85E-03

230 1.14E+01 3.31E-01 6.52E-03

235 1.09E+01 3.15E-01 6.20E-03

240 1.03E+01 3.00E-01 5.89E-03

245 9.83E+00 2.85E-01 5.60E-03

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Component 2: 1,2-DCE

Component 3: VC

Simulation Parameters

Source Remediation

Transport Parameters
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Attachment E-1

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

250 9.35E+00 2.71E-01 5.33E-03

255 8.89E+00 2.58E-01 5.07E-03

260 8.45E+00 2.45E-01 4.82E-03

265 8.04E+00 2.33E-01 4.58E-03

270 7.65E+00 2.22E-01 4.36E-03

275 7.27E+00 2.11E-01 4.14E-03

280 6.91E+00 2.00E-01 3.94E-03

285 6.58E+00 1.91E-01 3.75E-03

290 6.25E+00 1.81E-01 3.56E-03

295 5.95E+00 1.72E-01 3.39E-03

300 5.66E+00 1.64E-01 3.22E-03

305 5.38E+00 1.56E-01 3.07E-03

310 5.11E+00 1.48E-01 2.92E-03

315 4.86E+00 1.41E-01 2.77E-03

320 4.63E+00 1.34E-01 2.64E-03

325 4.40E+00 1.27E-01 2.51E-03

330 4.18E+00 1.21E-01 2.39E-03

335 3.98E+00 1.15E-01 2.27E-03

340 3.78E+00 1.10E-01 2.16E-03

345 3.60E+00 1.04E-01 2.05E-03

350 3.42E+00 9.92E-02 1.95E-03

355 3.26E+00 9.43E-02 1.86E-03

360 3.10E+00 8.97E-02 1.77E-03

365 2.94E+00 8.53E-02 1.68E-03

370 2.80E+00 8.12E-02 1.60E-03

375 2.66E+00 7.72E-02 1.52E-03

380 2.53E+00 7.34E-02 1.44E-03

385 2.41E+00 6.98E-02 1.37E-03

390 2.29E+00 6.64E-02 1.31E-03

395 2.18E+00 6.32E-02 1.24E-03

400 2.07E+00 6.01E-02 1.18E-03

405 1.97E+00 5.71E-02 1.12E-03

410 1.88E+00 5.43E-02 1.07E-03

415 1.78E+00 5.17E-02 1.02E-03

420 1.70E+00 4.92E-02 9.67E-04

425 1.61E+00 4.68E-02 9.20E-04

430 1.53E+00 4.45E-02 8.75E-04

435 1.46E+00 4.23E-02 8.32E-04

440 1.39E+00 4.02E-02 7.91E-04

445 1.32E+00 3.83E-02 7.53E-04

450 1.26E+00 3.64E-02 7.16E-04

455 1.19E+00 3.46E-02 6.81E-04

460 1.14E+00 3.29E-02 6.48E-04

465 1.08E+00 3.13E-02 6.16E-04

470 1.03E+00 2.98E-02 5.86E-04

475 9.77E-01 2.83E-02 5.57E-04

480 9.30E-01 2.69E-02 5.30E-04

485 8.84E-01 2.56E-02 5.04E-04

490 8.41E-01 2.44E-02 4.79E-04

495 8.00E-01 2.32E-02 4.56E-04

500 7.61E-01 2.21E-02 4.34E-04



Attachment E-2

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 100 76

Date Achieved 2060 2036

Time from 2020 (yrs) 40 16

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 71 0.12 0.15 1.07 4 9.44E+01 3.99E+00 1.64E-01

Gamma 2 time (yr): 0.1 0.13 1.05 6 1.68E+04 7.66E+02 3.25E+01

60 0.05 0.08 1 8 2.26E+04 1.04E+03 4.45E+01

Width (m) 100 Yield 0.161 10 2.23E+04 1.03E+03 4.38E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 2.17E+04 9.99E+02 4.26E+01

Darcy Velocity (m/yr) 6.8 0.87 0.87 0.87 14 2.11E+04 9.71E+02 4.14E+01

Porosity 0.25 0.85 0.85 0.85 16 2.05E+04 9.44E+02 4.02E+01

0.8 0.8 0.8 18 1.99E+04 9.18E+02 3.91E+01

Fraction Removed 0.95 Yield 0 20 1.94E+04 8.93E+02 3.80E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.88E+04 8.68E+02 3.70E+01

Remed. End (yr) 71 3.07 3.07 3.07 24 1.83E+04 8.44E+02 3.60E+01

Source Decay (1/yr) 0.005 3.05 3.05 3.05 26 1.78E+04 8.21E+02 3.50E+01

3 3 3 28 1.73E+04 7.99E+02 3.41E+01

Retardation Factor 1.5 Dist. from Source 30 1.69E+04 7.77E+02 3.31E+01

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 32 1.64E+04 7.56E+02 3.22E+01

vMin 0 34 1.60E+04 7.36E+02 3.14E+01

vMax 1.5648 Intervals Min Value Max Value 36 1.55E+04 7.16E+02 3.05E+01

#Stream Tubes 100 x-direction (m) 11 0.01 1000 38 1.51E+04 6.97E+02 2.97E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 1.47E+04 6.79E+02 2.89E+01

alpha z (m) 0.04 z-direction 1 0 0 42 1.43E+04 6.61E+02 2.82E+01

Time (yr) 100 0 200 44 1.39E+04 6.43E+02 2.74E+01

46 1.36E+04 6.26E+02 2.67E+01

48 1.32E+04 6.10E+02 2.60E+01

50 1.29E+04 5.94E+02 2.53E+01

52 1.25E+04 5.78E+02 2.46E+01

54 1.22E+04 5.63E+02 2.40E+01

56 1.19E+04 5.49E+02 2.34E+01

58 1.16E+04 5.34E+02 2.28E+01

60 1.13E+04 5.21E+02 2.22E+01

62 1.03E+04 7.95E+02 3.36E+01

64 9.38E+03 8.33E+02 3.72E+01

66 7.94E+03 7.32E+02 3.31E+01

68 5.49E+03 5.08E+02 2.30E+01

70 3.38E+03 3.13E+02 1.42E+01

72 1.75E+03 1.76E+02 7.93E+00

74 6.68E+02 7.26E+01 3.34E+00

76 1.27E+02 1.43E+01 6.68E-01

78 2.51E+01 2.80E+00 1.30E-01

80 1.98E+01 2.19E+00 1.01E-01

82 1.91E+01 2.12E+00 9.81E-02

84 1.87E+01 2.07E+00 9.61E-02

86 1.84E+01 2.03E+00 9.41E-02

88 1.80E+01 1.99E+00 9.22E-02

90 1.76E+01 1.95E+00 9.04E-02

92 1.73E+01 1.91E+00 8.86E-02

94 1.69E+01 1.87E+00 8.68E-02

96 1.66E+01 1.84E+00 8.50E-02

98 1.63E+01 1.80E+00 8.33E-02

Initial Source

Tme to Achieve:

Simulation Parameters

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters
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Attachment E-2

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

100 1.59E+01 1.76E+00 8.17E-02

102 1.56E+01 1.73E+00 8.00E-02

104 1.53E+01 1.69E+00 7.84E-02

106 1.50E+01 1.66E+00 7.68E-02

108 1.47E+01 1.63E+00 7.53E-02

110 1.44E+01 1.59E+00 7.38E-02

112 1.41E+01 1.56E+00 7.23E-02

114 1.38E+01 1.53E+00 7.09E-02

116 1.36E+01 1.50E+00 6.95E-02

118 1.33E+01 1.47E+00 6.81E-02

120 1.30E+01 1.44E+00 6.67E-02

122 1.28E+01 1.41E+00 6.54E-02

124 1.25E+01 1.38E+00 6.41E-02

126 1.23E+01 1.35E+00 6.28E-02

128 1.20E+01 1.33E+00 6.15E-02

130 1.18E+01 1.30E+00 6.03E-02

132 1.15E+01 1.27E+00 5.91E-02

134 1.13E+01 1.25E+00 5.79E-02

136 1.11E+01 1.22E+00 5.67E-02

138 1.09E+01 1.20E+00 5.56E-02

140 1.06E+01 1.18E+00 5.45E-02

142 1.04E+01 1.15E+00 5.34E-02

144 1.02E+01 1.13E+00 5.23E-02

146 1.00E+01 1.11E+00 5.13E-02

148 9.81E+00 1.08E+00 5.03E-02

150 9.61E+00 1.06E+00 4.92E-02

152 9.42E+00 1.04E+00 4.83E-02

154 9.23E+00 1.02E+00 4.73E-02

156 9.05E+00 1.00E+00 4.64E-02

158 8.87E+00 9.80E-01 4.54E-02

160 8.69E+00 9.61E-01 4.45E-02

162 8.52E+00 9.42E-01 4.36E-02

164 8.35E+00 9.23E-01 4.28E-02

166 8.18E+00 9.04E-01 4.19E-02

168 8.02E+00 8.86E-01 4.11E-02

170 7.86E+00 8.69E-01 4.02E-02

172 7.70E+00 8.51E-01 3.94E-02

174 7.54E+00 8.34E-01 3.87E-02

176 7.39E+00 8.18E-01 3.79E-02

178 7.25E+00 8.01E-01 3.71E-02

180 7.10E+00 7.85E-01 3.64E-02

182 6.96E+00 7.69E-01 3.57E-02

184 6.82E+00 7.54E-01 3.49E-02

186 6.68E+00 7.39E-01 3.42E-02

188 6.55E+00 7.24E-01 3.36E-02

190 6.42E+00 7.10E-01 3.29E-02

192 6.29E+00 6.96E-01 3.22E-02

194 6.17E+00 6.82E-01 3.16E-02

196 6.04E+00 6.68E-01 3.10E-02

198 5.92E+00 6.55E-01 3.03E-02

200 5.80E+00 6.42E-01 2.97E-02



Attachment E-3

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 86 82

Date Achieved 2046 2042

Time from 2020 (yrs) 26 22

Input parameters: Output results (200 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 71 0.12 0.15 1.07 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.13 1.05 6 0.00E+00 0.00E+00 0.00E+00

60 0.05 0.08 1 8 6.09E+01 2.94E+00 1.28E-01

Width (m) 100 Yield 0.161 10 3.81E+03 1.86E+02 8.11E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 1.03E+04 5.04E+02 2.20E+01

Darcy Velocity (m/yr) 6.8 0.87 0.87 0.87 14 1.31E+04 6.44E+02 2.81E+01

Porosity 0.25 0.85 0.85 0.85 16 1.34E+04 6.56E+02 2.86E+01

0.8 0.8 0.8 18 1.31E+04 6.44E+02 2.81E+01

Fraction Removed 0.95 Yield 0 20 1.28E+04 6.27E+02 2.73E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.24E+04 6.10E+02 2.66E+01

Remed. End (yr) 71 3.07 3.07 3.07 24 1.21E+04 5.93E+02 2.58E+01

Source Decay (1/yr) 0.005 3.05 3.05 3.05 26 1.17E+04 5.77E+02 2.51E+01

3 3 3 28 1.14E+04 5.61E+02 2.44E+01

Retardation Factor 1.5 Dist. from Source 30 1.11E+04 5.45E+02 2.38E+01

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 32 1.08E+04 5.31E+02 2.31E+01

vMin 0 34 1.05E+04 5.16E+02 2.25E+01

vMax 1.5648 Intervals Min Value Max Value 36 1.02E+04 5.02E+02 2.19E+01

#Stream Tubes 100 x-direction (m) 11 0.01 1000 38 9.95E+03 4.89E+02 2.13E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 9.69E+03 4.76E+02 2.07E+01

alpha z (m) 0.04 z-direction 1 0 0 42 9.43E+03 4.63E+02 2.02E+01

Time (yr) 100 0 200 44 9.17E+03 4.50E+02 1.96E+01

46 8.93E+03 4.38E+02 1.91E+01

48 8.69E+03 4.27E+02 1.86E+01

50 8.46E+03 4.16E+02 1.81E+01

52 8.24E+03 4.05E+02 1.76E+01

54 8.02E+03 3.94E+02 1.72E+01

56 7.81E+03 3.84E+02 1.67E+01

58 7.61E+03 3.74E+02 1.63E+01

60 7.41E+03 3.64E+02 1.59E+01

62 6.76E+03 5.42E+02 2.33E+01

64 6.16E+03 5.65E+02 2.55E+01

66 5.61E+03 5.39E+02 2.47E+01

68 5.11E+03 4.99E+02 2.30E+01

70 4.57E+03 4.48E+02 2.07E+01

72 3.59E+03 3.80E+02 1.74E+01

74 2.42E+03 2.75E+02 1.29E+01

76 1.44E+03 1.68E+02 7.93E+00

78 7.29E+02 8.57E+01 4.06E+00

80 2.83E+02 3.34E+01 1.58E+00

82 7.98E+01 9.43E+00 4.47E-01

84 2.31E+01 2.73E+00 1.29E-01

86 1.17E+01 1.38E+00 6.55E-02

88 9.49E+00 1.12E+00 5.30E-02

90 8.91E+00 1.05E+00 4.98E-02

92 8.65E+00 1.02E+00 4.83E-02

94 8.46E+00 9.96E-01 4.72E-02

96 8.28E+00 9.76E-01 4.62E-02

98 8.12E+00 9.56E-01 4.53E-02

Component 2: 1,2-DCE

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters

1.0E+00

1.0E+01

1.0E+02

1.0E+03

1.0E+04

1.0E+05

0 50 100 150 200

C
o

n
ce

n
tr

at
io

n
 (

u
g/

L)

Years from 1960

GW-5 Plume at 200 m

predicted TCE

predicted DCE

predicted VC

-------

~ /' 



Attachment E-3

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

100 7.95E+00 9.37E-01 4.44E-02

102 7.79E+00 9.18E-01 4.35E-02

104 7.64E+00 9.00E-01 4.26E-02

106 7.48E+00 8.81E-01 4.18E-02

108 7.33E+00 8.64E-01 4.09E-02

110 7.19E+00 8.46E-01 4.01E-02

112 7.04E+00 8.29E-01 3.93E-02

114 6.90E+00 8.13E-01 3.85E-02

116 6.76E+00 7.97E-01 3.78E-02

118 6.63E+00 7.81E-01 3.70E-02

120 6.49E+00 7.65E-01 3.63E-02

122 6.36E+00 7.50E-01 3.55E-02

124 6.24E+00 7.35E-01 3.48E-02

126 6.11E+00 7.20E-01 3.41E-02

128 5.99E+00 7.05E-01 3.34E-02

130 5.87E+00 6.91E-01 3.28E-02

132 5.75E+00 6.78E-01 3.21E-02

134 5.64E+00 6.64E-01 3.15E-02

136 5.52E+00 6.51E-01 3.08E-02

138 5.41E+00 6.38E-01 3.02E-02

140 5.30E+00 6.25E-01 2.96E-02

142 5.20E+00 6.12E-01 2.90E-02

144 5.09E+00 6.00E-01 2.84E-02

146 4.99E+00 5.88E-01 2.79E-02

148 4.89E+00 5.76E-01 2.73E-02

150 4.79E+00 5.65E-01 2.68E-02

152 4.70E+00 5.53E-01 2.62E-02

154 4.60E+00 5.42E-01 2.57E-02

156 4.51E+00 5.32E-01 2.52E-02

158 4.42E+00 5.21E-01 2.47E-02

160 4.33E+00 5.11E-01 2.42E-02

162 4.25E+00 5.00E-01 2.37E-02

164 4.16E+00 4.90E-01 2.32E-02

166 4.08E+00 4.81E-01 2.28E-02

168 4.00E+00 4.71E-01 2.23E-02

170 3.92E+00 4.62E-01 2.19E-02

172 3.84E+00 4.52E-01 2.14E-02

174 3.76E+00 4.43E-01 2.10E-02

176 3.69E+00 4.34E-01 2.06E-02

178 3.61E+00 4.26E-01 2.02E-02

180 3.54E+00 4.17E-01 1.98E-02

182 3.47E+00 4.09E-01 1.94E-02

184 3.40E+00 4.01E-01 1.90E-02

186 3.33E+00 3.93E-01 1.86E-02

188 3.27E+00 3.85E-01 1.82E-02

190 3.20E+00 3.77E-01 1.79E-02

192 3.14E+00 3.70E-01 1.75E-02

194 3.08E+00 3.62E-01 1.72E-02

196 3.01E+00 3.55E-01 1.68E-02

198 2.95E+00 3.48E-01 1.65E-02

200 2.89E+00 3.41E-01 1.62E-02



Attachment E-4

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 98 92

Date Achieved 2058 2052

Time from 2020 (yrs) 38 32

Input parameters: Output results (450 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 71 0.12 0.15 1.07 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.13 1.05 6 0.00E+00 0.00E+00 0.00E+00

60 0.05 0.08 1 8 0.00E+00 0.00E+00 0.00E+00

Width (m) 100 Yield 0.161 10 0.00E+00 0.00E+00 0.00E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 0.00E+00 0.00E+00 0.00E+00

Darcy Velocity (m/yr) 6.8 0.87 0.87 0.87 14 0.00E+00 0.00E+00 0.00E+00

Porosity 0.25 0.85 0.85 0.85 16 1.30E-01 1.07E-02 4.69E-04

0.8 0.8 0.8 18 2.44E+01 2.00E+00 8.81E-02

Fraction Removed 0.95 Yield 0 20 2.83E+02 2.32E+01 1.02E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.03E+03 8.46E+01 3.73E+00

Remed. End (yr) 71 3.07 3.07 3.07 24 2.13E+03 1.75E+02 7.71E+00

Source Decay (1/yr) 0.005 3.05 3.05 3.05 26 3.08E+03 2.53E+02 1.11E+01

3 3 3 28 3.63E+03 2.99E+02 1.32E+01

Retardation Factor 1.5 Dist. from Source 30 3.96E+03 3.25E+02 1.43E+01

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 32 4.03E+03 3.31E+02 1.46E+01

vMin 0 34 4.02E+03 3.30E+02 1.46E+01

vMax 1.5648 Intervals Min Value Max Value 36 3.96E+03 3.25E+02 1.43E+01

#Stream Tubes 100 x-direction (m) 21 0.01 1000 38 3.86E+03 3.17E+02 1.40E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 3.77E+03 3.09E+02 1.36E+01

alpha z (m) 0.04 z-direction 1 0 0 42 3.67E+03 3.01E+02 1.33E+01

Time (yr) 100 0 200 44 3.57E+03 2.93E+02 1.29E+01

46 3.47E+03 2.85E+02 1.26E+01

48 3.38E+03 2.78E+02 1.22E+01

50 3.29E+03 2.70E+02 1.19E+01

52 3.20E+03 2.63E+02 1.16E+01

54 3.11E+03 2.56E+02 1.13E+01

56 3.03E+03 2.49E+02 1.10E+01

58 2.95E+03 2.42E+02 1.07E+01

60 2.87E+03 2.36E+02 1.04E+01

62 2.61E+03 2.98E+02 1.32E+01

64 2.38E+03 3.00E+02 1.38E+01

66 2.17E+03 2.83E+02 1.32E+01

68 1.98E+03 2.62E+02 1.22E+01

70 1.80E+03 2.40E+02 1.12E+01

72 1.62E+03 2.29E+02 1.07E+01

74 1.44E+03 2.14E+02 1.02E+01

76 1.27E+03 1.94E+02 9.26E+00

78 1.13E+03 1.73E+02 8.30E+00

80 9.98E+02 1.53E+02 7.36E+00

82 8.58E+02 1.32E+02 6.34E+00

84 6.99E+02 1.08E+02 5.17E+00

86 5.28E+02 8.13E+01 3.90E+00

88 3.65E+02 5.63E+01 2.70E+00

90 2.30E+02 3.54E+01 1.70E+00

92 1.30E+02 2.01E+01 9.64E-01

94 6.73E+01 1.04E+01 4.97E-01

96 3.23E+01 4.98E+00 2.39E-01

98 1.51E+01 2.33E+00 1.12E-01

100 7.33E+00 1.13E+00 5.42E-02

102 3.95E+00 6.09E-01 2.92E-02

Initial Source

Tme to Achieve:

Simulation Parameters

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters
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Attachment E-4

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

104 2.52E+00 3.88E-01 1.86E-02

106 1.91E+00 2.94E-01 1.41E-02

108 1.64E+00 2.52E-01 1.21E-02

110 1.50E+00 2.32E-01 1.11E-02

112 1.43E+00 2.20E-01 1.06E-02

114 1.38E+00 2.13E-01 1.02E-02

116 1.35E+00 2.07E-01 9.95E-03

118 1.32E+00 2.03E-01 9.72E-03

120 1.29E+00 1.98E-01 9.51E-03

122 1.26E+00 1.94E-01 9.32E-03

124 1.23E+00 1.90E-01 9.13E-03

126 1.21E+00 1.86E-01 8.94E-03

128 1.19E+00 1.83E-01 8.76E-03

130 1.16E+00 1.79E-01 8.59E-03

132 1.14E+00 1.75E-01 8.41E-03

134 1.12E+00 1.72E-01 8.24E-03

136 1.09E+00 1.68E-01 8.08E-03

138 1.07E+00 1.65E-01 7.92E-03

140 1.05E+00 1.62E-01 7.76E-03

142 1.03E+00 1.59E-01 7.60E-03

144 1.01E+00 1.55E-01 7.45E-03

146 9.88E-01 1.52E-01 7.30E-03

148 9.68E-01 1.49E-01 7.16E-03

150 9.49E-01 1.46E-01 7.01E-03

152 9.30E-01 1.43E-01 6.87E-03

154 9.11E-01 1.40E-01 6.73E-03

156 8.93E-01 1.38E-01 6.60E-03

158 8.75E-01 1.35E-01 6.47E-03

160 8.58E-01 1.32E-01 6.34E-03

162 8.40E-01 1.30E-01 6.21E-03

164 8.24E-01 1.27E-01 6.09E-03

166 8.07E-01 1.24E-01 5.97E-03

168 7.91E-01 1.22E-01 5.85E-03

170 7.75E-01 1.19E-01 5.73E-03

172 7.60E-01 1.17E-01 5.61E-03

174 7.45E-01 1.15E-01 5.50E-03

176 7.30E-01 1.12E-01 5.39E-03

178 7.15E-01 1.10E-01 5.28E-03

180 7.01E-01 1.08E-01 5.18E-03

182 6.87E-01 1.06E-01 5.08E-03

184 6.73E-01 1.04E-01 4.97E-03

186 6.60E-01 1.02E-01 4.87E-03

188 6.46E-01 9.96E-02 4.78E-03

190 6.33E-01 9.76E-02 4.68E-03

192 6.21E-01 9.57E-02 4.59E-03

194 6.08E-01 9.38E-02 4.50E-03

196 5.96E-01 9.19E-02 4.41E-03

198 5.84E-01 9.00E-02 4.32E-03

200 5.73E-01 8.82E-02 4.23E-03



Attachment E-5

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 104 96

Date Achieved 2064 2056

Time from 2020 (yrs) 44 36

Input parameters: Output results (550 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 71 0.12 0.15 1.07 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.13 1.05 6 0.00E+00 0.00E+00 0.00E+00

60 0.05 0.08 1 8 0.00E+00 0.00E+00 0.00E+00

Width (m) 100 Yield 0.161 10 0.00E+00 0.00E+00 0.00E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 0.00E+00 0.00E+00 0.00E+00

Darcy Velocity (m/yr) 6.8 0.87 0.87 0.87 14 0.00E+00 0.00E+00 0.00E+00

Porosity 0.25 0.85 0.85 0.85 16 0.00E+00 0.00E+00 0.00E+00

0.8 0.8 0.8 18 0.00E+00 0.00E+00 0.00E+00

Fraction Removed 0.95 Yield 0 20 4.67E-01 3.83E-02 1.69E-03

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.78E+01 1.47E+00 6.46E-02

Remed. End (yr) 71 3.07 3.07 3.07 24 1.27E+02 1.05E+01 4.62E-01

Source Decay (1/yr) 0.005 3.05 3.05 3.05 26 4.44E+02 3.65E+01 1.61E+00

3 3 3 28 1.07E+03 8.83E+01 3.90E+00

Retardation Factor 1.5 Dist. from Source 30 1.59E+03 1.31E+02 5.78E+00

SigmaV 0.1412 X1 (m) 200 X2 (m) 750 32 2.08E+03 1.71E+02 7.55E+00

vMin 0 34 2.45E+03 2.01E+02 8.87E+00

vMax 1.5648 Intervals Min Value Max Value 36 2.59E+03 2.13E+02 9.41E+00

#Stream Tubes 100 x-direction (m) 21 0.01 1000 38 2.66E+03 2.19E+02 9.64E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 40 2.66E+03 2.19E+02 9.66E+00

alpha z (m) 0.04 z-direction 1 0 0 42 2.62E+03 2.15E+02 9.50E+00

Time (yr) 100 0 200 44 2.56E+03 2.11E+02 9.30E+00

46 2.50E+03 2.06E+02 9.08E+00

48 2.44E+03 2.01E+02 8.85E+00

50 2.37E+03 1.95E+02 8.61E+00

52 2.31E+03 1.90E+02 8.38E+00

54 2.25E+03 1.85E+02 8.16E+00

56 2.19E+03 1.80E+02 7.94E+00

58 2.13E+03 1.75E+02 7.72E+00

60 2.07E+03 1.70E+02 7.52E+00

62 1.89E+03 2.15E+02 9.53E+00

64 1.72E+03 2.17E+02 9.96E+00

66 1.56E+03 2.05E+02 9.52E+00

68 1.43E+03 1.89E+02 8.83E+00

70 1.30E+03 1.73E+02 8.09E+00

72 1.17E+03 1.65E+02 7.70E+00

74 1.04E+03 1.54E+02 7.33E+00

76 9.18E+02 1.40E+02 6.68E+00

78 8.15E+02 1.25E+02 5.99E+00

80 7.23E+02 1.11E+02 5.33E+00

82 6.41E+02 9.88E+01 4.74E+00

84 5.66E+02 8.73E+01 4.19E+00

86 4.92E+02 7.58E+01 3.64E+00

88 4.11E+02 6.34E+01 3.04E+00

90 3.25E+02 5.02E+01 2.41E+00

92 2.40E+02 3.70E+01 1.78E+00

94 1.64E+02 2.53E+01 1.21E+00

96 1.04E+02 1.60E+01 7.68E-01

98 6.08E+01 9.38E+00 4.50E-01

100 3.34E+01 5.15E+00 2.47E-01

102 1.76E+01 2.71E+00 1.30E-01

Tme to Achieve:

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters

1.0E+00

1.0E+01

1.0E+02

1.0E+03

1.0E+04

0 50 100 150 200

C
o

n
ce

n
tr

at
io

n
 (

u
g/

L)

Years from 1960

GW-5 Plume at 550 m

predicted TCE

predicted DCE

predicted VC

---------

~ ? 



Attachment E-5

GW-5: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat

104 9.08E+00 1.40E+00 6.71E-02

106 4.78E+00 7.36E-01 3.53E-02

108 2.68E+00 4.13E-01 1.98E-02

110 1.67E+00 2.58E-01 1.24E-02

112 1.19E+00 1.84E-01 8.81E-03

114 9.57E-01 1.48E-01 7.08E-03

116 8.39E-01 1.29E-01 6.20E-03

118 7.75E-01 1.19E-01 5.73E-03

120 7.36E-01 1.14E-01 5.45E-03

122 7.11E-01 1.10E-01 5.25E-03

124 6.91E-01 1.06E-01 5.11E-03

126 6.74E-01 1.04E-01 4.99E-03

128 6.59E-01 1.02E-01 4.88E-03

130 6.45E-01 9.95E-02 4.77E-03

132 6.32E-01 9.74E-02 4.67E-03

134 6.19E-01 9.54E-02 4.58E-03

136 6.07E-01 9.35E-02 4.49E-03

138 5.94E-01 9.16E-02 4.40E-03

140 5.82E-01 8.98E-02 4.31E-03

142 5.71E-01 8.80E-02 4.22E-03

144 5.59E-01 8.62E-02 4.14E-03

146 5.48E-01 8.45E-02 4.05E-03

148 5.37E-01 8.28E-02 3.97E-03

150 5.26E-01 8.11E-02 3.89E-03

152 5.16E-01 7.95E-02 3.81E-03

154 5.06E-01 7.79E-02 3.74E-03

156 4.95E-01 7.64E-02 3.66E-03

158 4.85E-01 7.48E-02 3.59E-03

160 4.76E-01 7.33E-02 3.52E-03

162 4.66E-01 7.19E-02 3.45E-03

164 4.57E-01 7.04E-02 3.38E-03

166 4.48E-01 6.90E-02 3.31E-03

168 4.39E-01 6.76E-02 3.24E-03

170 4.30E-01 6.63E-02 3.18E-03

172 4.21E-01 6.50E-02 3.12E-03

174 4.13E-01 6.37E-02 3.05E-03

176 4.05E-01 6.24E-02 2.99E-03

178 3.97E-01 6.11E-02 2.93E-03

180 3.89E-01 5.99E-02 2.87E-03

182 3.81E-01 5.87E-02 2.82E-03

184 3.73E-01 5.76E-02 2.76E-03

186 3.66E-01 5.64E-02 2.71E-03

188 3.59E-01 5.53E-02 2.65E-03

190 3.51E-01 5.42E-02 2.60E-03

192 3.44E-01 5.31E-02 2.55E-03

194 3.37E-01 5.20E-02 2.50E-03

196 3.31E-01 5.10E-02 2.45E-03

198 3.24E-01 5.00E-02 2.40E-03

200 3.18E-01 4.90E-02 2.35E-03



Attachment F-1

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 200 75

Date Achieved 2160 2035

Time from 2020 (yrs) 140 15

Input parameters: Output results (10 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 4.94E+04 5.96E+02 1.08E+01

Mass (Kg) 34,000 75 0.12 0.2 1.12 10 4.60E+04 5.56E+02 1.01E+01

Gamma 2 time (yr): 0.1 0.31 1.05 15 4.29E+04 5.18E+02 9.37E+00

65 0.05 0.08 1 20 4.00E+04 4.83E+02 8.74E+00

Width (m) 100 Yield 0.161 25 3.73E+04 4.51E+02 8.16E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 3.49E+04 4.21E+02 7.62E+00

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 35 3.26E+04 3.94E+02 7.12E+00

Porosity 0.25 0.85 1.03 0.85 40 3.05E+04 3.68E+02 6.66E+00

0.8 0.8 0.8 45 2.85E+04 3.44E+02 6.23E+00

Fraction Removed 0.95 Yield 0 50 2.67E+04 3.22E+02 5.84E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 2.50E+04 3.02E+02 5.47E+00

Remed. End (yr) 71 3.07 3.12 3.12 60 2.34E+04 2.83E+02 5.12E+00

Source Decay (1/yr) 0.005 3.05 3.23 3.05 65 8.85E+03 1.07E+02 1.95E+00

3 3 3 70 7.83E+02 1.91E+01 3.70E-01

Retardation Factor 1.5 Dist. from Source 75 5.51E+01 1.33E+00 2.56E-02

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 80 5.20E+01 1.51E+00 2.96E-02

vMin 0 85 4.94E+01 1.43E+00 2.82E-02

vMax 1.5648 Intervals Min Value Max Value 90 4.70E+01 1.36E+00 2.68E-02

#Stream Tubes 100 x-direction (m) 11 0.01 100 95 4.47E+01 1.29E+00 2.55E-02

alpha y (m) 0.4 y-direction (m) 1 0 0 100 4.25E+01 1.23E+00 2.42E-02

alpha z (m) 0.04 z-direction 1 0 0 105 4.04E+01 1.17E+00 2.30E-02

Time (yr) 100 0 500 110 3.84E+01 1.11E+00 2.19E-02

115 3.65E+01 1.06E+00 2.08E-02

120 3.47E+01 1.00E+00 1.98E-02

125 3.30E+01 9.55E-01 1.88E-02

130 3.13E+01 9.08E-01 1.79E-02

135 2.98E+01 8.64E-01 1.70E-02

140 2.83E+01 8.21E-01 1.62E-02

145 2.69E+01 7.81E-01 1.54E-02

150 2.56E+01 7.42E-01 1.46E-02

155 2.43E+01 7.06E-01 1.39E-02

160 2.31E+01 6.71E-01 1.32E-02

165 2.20E+01 6.38E-01 1.25E-02

170 2.09E+01 6.06E-01 1.19E-02

175 1.99E+01 5.77E-01 1.13E-02

180 1.89E+01 5.48E-01 1.08E-02

185 1.80E+01 5.21E-01 1.03E-02

190 1.71E+01 4.96E-01 9.75E-03

195 1.63E+01 4.71E-01 9.27E-03

200 1.55E+01 4.48E-01 8.82E-03

205 1.47E+01 4.26E-01 8.38E-03

210 1.40E+01 4.05E-01 7.97E-03

215 1.33E+01 3.85E-01 7.58E-03

220 1.26E+01 3.66E-01 7.21E-03

225 1.20E+01 3.48E-01 6.85E-03

230 1.14E+01 3.31E-01 6.52E-03

235 1.09E+01 3.15E-01 6.20E-03

240 1.03E+01 3.00E-01 5.89E-03

245 9.83E+00 2.85E-01 5.60E-03

Tme to Achieve:

Simulation Parameters

Source Remediation

Transport Parameters

Component 2: 1,2-DCE

Component 3: VC

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal
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Attachment F-1

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

250 9.35E+00 2.71E-01 5.33E-03

255 8.89E+00 2.58E-01 5.07E-03

260 8.45E+00 2.45E-01 4.82E-03

265 8.04E+00 2.33E-01 4.58E-03

270 7.65E+00 2.22E-01 4.36E-03

275 7.27E+00 2.11E-01 4.14E-03

280 6.91E+00 2.00E-01 3.94E-03

285 6.58E+00 1.91E-01 3.75E-03

290 6.25E+00 1.81E-01 3.56E-03

295 5.95E+00 1.72E-01 3.39E-03

300 5.66E+00 1.64E-01 3.22E-03

305 5.38E+00 1.56E-01 3.07E-03

310 5.11E+00 1.48E-01 2.92E-03

315 4.86E+00 1.41E-01 2.77E-03

320 4.63E+00 1.34E-01 2.64E-03

325 4.40E+00 1.27E-01 2.51E-03

330 4.18E+00 1.21E-01 2.39E-03

335 3.98E+00 1.15E-01 2.27E-03

340 3.78E+00 1.10E-01 2.16E-03

345 3.60E+00 1.04E-01 2.05E-03

350 3.42E+00 9.92E-02 1.95E-03

355 3.26E+00 9.43E-02 1.86E-03

360 3.10E+00 8.97E-02 1.77E-03

365 2.94E+00 8.53E-02 1.68E-03

370 2.80E+00 8.12E-02 1.60E-03

375 2.66E+00 7.72E-02 1.52E-03

380 2.53E+00 7.34E-02 1.44E-03

385 2.41E+00 6.98E-02 1.37E-03

390 2.29E+00 6.64E-02 1.31E-03

395 2.18E+00 6.32E-02 1.24E-03

400 2.07E+00 6.01E-02 1.18E-03

405 1.97E+00 5.71E-02 1.12E-03

410 1.88E+00 5.43E-02 1.07E-03

415 1.78E+00 5.17E-02 1.02E-03

420 1.70E+00 4.92E-02 9.67E-04

425 1.61E+00 4.68E-02 9.20E-04

430 1.53E+00 4.45E-02 8.75E-04

435 1.46E+00 4.23E-02 8.32E-04

440 1.39E+00 4.02E-02 7.91E-04

445 1.32E+00 3.83E-02 7.53E-04

450 1.26E+00 3.64E-02 7.16E-04

455 1.19E+00 3.46E-02 6.81E-04

460 1.14E+00 3.29E-02 6.48E-04

465 1.08E+00 3.13E-02 6.16E-04

470 1.03E+00 2.98E-02 5.86E-04

475 9.77E-01 2.83E-02 5.57E-04

480 9.30E-01 2.69E-02 5.30E-04

485 8.84E-01 2.56E-02 5.04E-04

490 8.41E-01 2.44E-02 4.79E-04

495 8.00E-01 2.32E-02 4.56E-04

500 7.61E-01 2.21E-02 4.34E-04



Attachment F-2

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 100 76

Date Achieved 2060 2036

Time from 2020 (yrs) 40 16

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 9.44E+01 3.99E+00 1.64E-01

Gamma 2 time (yr): 0.1 0.31 1.05 6 1.68E+04 7.66E+02 3.25E+01

65 0.05 0.08 1 8 2.26E+04 1.04E+03 4.45E+01

Width (m) 100 Yield 0.161 10 2.23E+04 1.03E+03 4.38E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 2.17E+04 9.99E+02 4.26E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 2.11E+04 9.71E+02 4.14E+01

Porosity 0.25 0.85 1.03 0.85 16 2.05E+04 9.44E+02 4.02E+01

0.8 0.8 0.8 18 1.99E+04 9.18E+02 3.91E+01

Fraction Removed 0.95 Yield 0 20 1.94E+04 8.93E+02 3.80E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.88E+04 8.68E+02 3.70E+01

Remed. End (yr) 71 3.07 3.12 3.12 24 1.83E+04 8.44E+02 3.60E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 1.78E+04 8.21E+02 3.50E+01

3 3 3 28 1.73E+04 7.99E+02 3.41E+01

Retardation Factor 1.5 Dist. from Source 30 1.69E+04 7.77E+02 3.31E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 1.64E+04 7.56E+02 3.22E+01

vMin 0 34 1.60E+04 7.36E+02 3.14E+01

vMax 1.5648 Intervals Min Value Max Value 36 1.55E+04 7.16E+02 3.05E+01

#Stream Tubes 100 x-direction (m) 11 0.01 1000 38 1.51E+04 6.97E+02 2.97E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 1.47E+04 6.79E+02 2.89E+01

alpha z (m) 0.04 z-direction 1 0 0 42 1.43E+04 6.61E+02 2.82E+01

Time (yr) 100 0 200 44 1.39E+04 6.43E+02 2.74E+01

46 1.36E+04 6.26E+02 2.67E+01

48 1.32E+04 6.10E+02 2.60E+01

50 1.29E+04 5.94E+02 2.53E+01

52 1.25E+04 5.78E+02 2.46E+01

54 1.22E+04 5.63E+02 2.40E+01

56 1.19E+04 5.49E+02 2.34E+01

58 1.16E+04 5.34E+02 2.28E+01

60 1.13E+04 5.21E+02 2.22E+01

62 1.10E+04 5.07E+02 2.16E+01

64 1.07E+04 4.94E+02 2.11E+01

66 9.21E+03 6.05E+02 2.41E+01

68 6.02E+03 5.09E+02 2.23E+01

70 3.48E+03 3.18E+02 1.44E+01

72 1.78E+03 1.65E+02 7.51E+00

74 6.95E+02 6.49E+01 2.95E+00

76 1.34E+02 1.37E+01 6.21E-01

78 2.61E+01 2.83E+00 1.30E-01

80 2.00E+01 2.20E+00 1.02E-01

82 1.92E+01 2.12E+00 9.82E-02

84 1.87E+01 2.07E+00 9.61E-02

86 1.84E+01 2.03E+00 9.41E-02

88 1.80E+01 1.99E+00 9.22E-02

90 1.76E+01 1.95E+00 9.04E-02

92 1.73E+01 1.91E+00 8.86E-02

94 1.69E+01 1.87E+00 8.68E-02

96 1.66E+01 1.84E+00 8.50E-02

98 1.63E+01 1.80E+00 8.33E-02

Simulation Parameters

Tme to Achieve:

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Initial Source

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal
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Attachment F-2

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

100 1.59E+01 1.76E+00 8.17E-02

102 1.56E+01 1.73E+00 8.00E-02

104 1.53E+01 1.69E+00 7.84E-02

106 1.50E+01 1.66E+00 7.68E-02

108 1.47E+01 1.63E+00 7.53E-02

110 1.44E+01 1.59E+00 7.38E-02

112 1.41E+01 1.56E+00 7.23E-02

114 1.38E+01 1.53E+00 7.09E-02

116 1.36E+01 1.50E+00 6.95E-02

118 1.33E+01 1.47E+00 6.81E-02

120 1.30E+01 1.44E+00 6.67E-02

122 1.28E+01 1.41E+00 6.54E-02

124 1.25E+01 1.38E+00 6.41E-02

126 1.23E+01 1.35E+00 6.28E-02

128 1.20E+01 1.33E+00 6.15E-02

130 1.18E+01 1.30E+00 6.03E-02

132 1.15E+01 1.27E+00 5.91E-02

134 1.13E+01 1.25E+00 5.79E-02

136 1.11E+01 1.22E+00 5.67E-02

138 1.09E+01 1.20E+00 5.56E-02

140 1.06E+01 1.18E+00 5.45E-02

142 1.04E+01 1.15E+00 5.34E-02

144 1.02E+01 1.13E+00 5.23E-02

146 1.00E+01 1.11E+00 5.13E-02

148 9.81E+00 1.08E+00 5.03E-02

150 9.61E+00 1.06E+00 4.92E-02

152 9.42E+00 1.04E+00 4.83E-02

154 9.23E+00 1.02E+00 4.73E-02

156 9.05E+00 1.00E+00 4.64E-02

158 8.87E+00 9.80E-01 4.54E-02

160 8.69E+00 9.61E-01 4.45E-02

162 8.52E+00 9.42E-01 4.36E-02

164 8.35E+00 9.23E-01 4.28E-02

166 8.18E+00 9.04E-01 4.19E-02

168 8.02E+00 8.86E-01 4.11E-02

170 7.86E+00 8.69E-01 4.02E-02

172 7.70E+00 8.51E-01 3.94E-02

174 7.54E+00 8.34E-01 3.87E-02

176 7.39E+00 8.18E-01 3.79E-02

178 7.25E+00 8.01E-01 3.71E-02

180 7.10E+00 7.85E-01 3.64E-02

182 6.96E+00 7.69E-01 3.57E-02

184 6.82E+00 7.54E-01 3.49E-02

186 6.68E+00 7.39E-01 3.42E-02

188 6.55E+00 7.24E-01 3.36E-02

190 6.42E+00 7.10E-01 3.29E-02

192 6.29E+00 6.96E-01 3.22E-02

194 6.17E+00 6.82E-01 3.16E-02

196 6.04E+00 6.68E-01 3.10E-02

198 5.92E+00 6.55E-01 3.03E-02

200 5.80E+00 6.42E-01 2.97E-02



Attachment F-3

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 86 82

Date Achieved 2046 2042

Time from 2020 (yrs) 26 22

Input parameters: Output results (200 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1.05 6 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 8 6.09E+01 2.94E+00 1.28E-01

Width (m) 100 Yield 0.161 10 3.81E+03 1.86E+02 8.11E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 1.03E+04 5.04E+02 2.20E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 1.31E+04 6.44E+02 2.81E+01

Porosity 0.25 0.85 1.03 0.85 16 1.34E+04 6.56E+02 2.86E+01

0.8 0.8 0.8 18 1.31E+04 6.44E+02 2.81E+01

Fraction Removed 0.95 Yield 0 20 1.28E+04 6.27E+02 2.73E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.24E+04 6.10E+02 2.66E+01

Remed. End (yr) 71 3.07 3.12 3.12 24 1.21E+04 5.93E+02 2.58E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 1.17E+04 5.77E+02 2.51E+01

3 3 3 28 1.14E+04 5.61E+02 2.44E+01

Retardation Factor 1.5 Dist. from Source 30 1.11E+04 5.45E+02 2.38E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 1.08E+04 5.31E+02 2.31E+01

vMin 0 34 1.05E+04 5.16E+02 2.25E+01

vMax 1.5648 Intervals Min Value Max Value 36 1.02E+04 5.02E+02 2.19E+01

#Stream Tubes 100 x-direction (m) 11 0.01 1000 38 9.95E+03 4.89E+02 2.13E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 9.69E+03 4.75E+02 2.07E+01

alpha z (m) 0.04 z-direction 1 0 0 42 9.43E+03 4.63E+02 2.02E+01

Time (yr) 100 0 200 44 9.17E+03 4.50E+02 1.96E+01

46 8.93E+03 4.38E+02 1.91E+01

48 8.69E+03 4.27E+02 1.86E+01

50 8.46E+03 4.16E+02 1.81E+01

52 8.24E+03 4.05E+02 1.76E+01

54 8.02E+03 3.94E+02 1.72E+01

56 7.81E+03 3.84E+02 1.67E+01

58 7.61E+03 3.74E+02 1.63E+01

60 7.41E+03 3.64E+02 1.59E+01

62 7.22E+03 3.55E+02 1.55E+01

64 7.03E+03 3.45E+02 1.51E+01

66 6.63E+03 4.54E+02 1.85E+01

68 6.04E+03 5.28E+02 2.34E+01

70 5.37E+03 5.07E+02 2.31E+01

72 4.16E+03 4.03E+02 1.86E+01

74 2.75E+03 2.69E+02 1.24E+01

76 1.58E+03 1.68E+02 7.70E+00

78 7.81E+02 8.88E+01 4.16E+00

80 3.01E+02 3.51E+01 1.66E+00

82 8.45E+01 9.94E+00 4.71E-01

84 2.42E+01 2.85E+00 1.35E-01

86 1.19E+01 1.41E+00 6.68E-02

88 9.54E+00 1.12E+00 5.33E-02

90 8.93E+00 1.05E+00 4.98E-02

92 8.66E+00 1.02E+00 4.83E-02

94 8.46E+00 9.97E-01 4.72E-02

96 8.28E+00 9.76E-01 4.62E-02

98 8.12E+00 9.56E-01 4.53E-02

Component 2: 1,2-DCE

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment F-3

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

100 7.95E+00 9.37E-01 4.44E-02

102 7.79E+00 9.18E-01 4.35E-02

104 7.64E+00 8.99E-01 4.26E-02

106 7.48E+00 8.81E-01 4.18E-02

108 7.33E+00 8.64E-01 4.09E-02

110 7.19E+00 8.46E-01 4.01E-02

112 7.04E+00 8.29E-01 3.93E-02

114 6.90E+00 8.13E-01 3.85E-02

116 6.76E+00 7.97E-01 3.78E-02

118 6.63E+00 7.81E-01 3.70E-02

120 6.49E+00 7.65E-01 3.63E-02

122 6.36E+00 7.50E-01 3.55E-02

124 6.24E+00 7.35E-01 3.48E-02

126 6.11E+00 7.20E-01 3.41E-02

128 5.99E+00 7.05E-01 3.34E-02

130 5.87E+00 6.91E-01 3.28E-02

132 5.75E+00 6.77E-01 3.21E-02

134 5.64E+00 6.64E-01 3.15E-02

136 5.52E+00 6.51E-01 3.08E-02

138 5.41E+00 6.38E-01 3.02E-02

140 5.30E+00 6.25E-01 2.96E-02

142 5.20E+00 6.12E-01 2.90E-02

144 5.09E+00 6.00E-01 2.84E-02

146 4.99E+00 5.88E-01 2.79E-02

148 4.89E+00 5.76E-01 2.73E-02

150 4.79E+00 5.65E-01 2.68E-02

152 4.70E+00 5.53E-01 2.62E-02

154 4.60E+00 5.42E-01 2.57E-02

156 4.51E+00 5.32E-01 2.52E-02

158 4.42E+00 5.21E-01 2.47E-02

160 4.33E+00 5.11E-01 2.42E-02

162 4.25E+00 5.00E-01 2.37E-02

164 4.16E+00 4.90E-01 2.32E-02

166 4.08E+00 4.80E-01 2.28E-02

168 4.00E+00 4.71E-01 2.23E-02

170 3.92E+00 4.61E-01 2.19E-02

172 3.84E+00 4.52E-01 2.14E-02

174 3.76E+00 4.43E-01 2.10E-02

176 3.69E+00 4.34E-01 2.06E-02

178 3.61E+00 4.26E-01 2.02E-02

180 3.54E+00 4.17E-01 1.98E-02

182 3.47E+00 4.09E-01 1.94E-02

184 3.40E+00 4.01E-01 1.90E-02

186 3.33E+00 3.93E-01 1.86E-02

188 3.27E+00 3.85E-01 1.82E-02

190 3.20E+00 3.77E-01 1.79E-02

192 3.14E+00 3.70E-01 1.75E-02

194 3.08E+00 3.62E-01 1.72E-02

196 3.01E+00 3.55E-01 1.68E-02

198 2.95E+00 3.48E-01 1.65E-02

200 2.89E+00 3.41E-01 1.62E-02



Attachment F-4

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 100 94

Date Achieved 2060 2054

Time from 2020 (yrs) 40 34

Input parameters: Output results (450 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1.05 6 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 8 0.00E+00 0.00E+00 0.00E+00

Width (m) 100 Yield 0.161 10 0.00E+00 0.00E+00 0.00E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 0.00E+00 0.00E+00 0.00E+00

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 0.00E+00 0.00E+00 0.00E+00

Porosity 0.25 0.85 1.03 0.85 16 1.50E-01 1.02E-02 4.24E-04

0.8 0.8 0.8 18 2.85E+01 1.98E+00 8.21E-02

Fraction Removed 0.95 Yield 0 20 3.35E+02 2.36E+01 9.87E-01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.24E+03 8.83E+01 3.70E+00

Remed. End (yr) 71 3.07 3.12 3.12 24 2.59E+03 1.86E+02 7.84E+00

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 3.77E+03 2.73E+02 1.15E+01

3 3 3 28 4.48E+03 3.27E+02 1.38E+01

Retardation Factor 1.5 Dist. from Source 30 4.90E+03 3.58E+02 1.52E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 5.01E+03 3.67E+02 1.55E+01

vMin 0 34 5.01E+03 3.67E+02 1.56E+01

vMax 1.5648 Intervals Min Value Max Value 36 4.94E+03 3.62E+02 1.54E+01

#Stream Tubes 100 x-direction (m) 21 0.01 1000 38 4.82E+03 3.54E+02 1.50E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 4.70E+03 3.45E+02 1.46E+01

alpha z (m) 0.04 z-direction 1 0 0 42 4.58E+03 3.36E+02 1.43E+01

Time (yr) 100 0 200 44 4.46E+03 3.27E+02 1.39E+01

46 4.34E+03 3.18E+02 1.35E+01

48 4.22E+03 3.10E+02 1.31E+01

50 4.11E+03 3.01E+02 1.28E+01

52 3.99E+03 2.93E+02 1.24E+01

54 3.89E+03 2.85E+02 1.21E+01

56 3.78E+03 2.78E+02 1.18E+01

58 3.68E+03 2.70E+02 1.15E+01

60 3.58E+03 2.63E+02 1.12E+01

62 3.49E+03 2.56E+02 1.09E+01

64 3.40E+03 2.49E+02 1.06E+01

66 2.84E+03 4.64E+02 1.96E+01

68 2.11E+03 5.19E+02 2.67E+01

70 1.90E+03 4.85E+02 2.53E+01

72 1.73E+03 4.47E+02 2.34E+01

74 1.58E+03 4.09E+02 2.15E+01

76 1.55E+03 3.35E+02 1.71E+01

78 1.59E+03 2.84E+02 1.37E+01

80 1.41E+03 2.55E+02 1.24E+01

82 1.21E+03 2.20E+02 1.07E+01

84 9.74E+02 1.78E+02 8.66E+00

86 7.21E+02 1.32E+02 6.45E+00

88 4.89E+02 9.02E+01 4.40E+00

90 3.02E+02 5.60E+01 2.74E+00

92 1.70E+02 3.17E+01 1.55E+00

94 8.74E+01 1.64E+01 8.06E-01

96 4.20E+01 7.93E+00 3.91E-01

98 1.96E+01 3.73E+00 1.84E-01

100 9.44E+00 1.79E+00 8.87E-02

102 4.99E+00 9.45E-01 4.66E-02

Initial Source

Tme to Achieve:

Simulation Parameters

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters
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Attachment F-4

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

104 3.09E+00 5.79E-01 2.84E-02

106 2.27E+00 4.20E-01 2.06E-02

108 1.90E+00 3.49E-01 1.70E-02

110 1.73E+00 3.15E-01 1.54E-02

112 1.63E+00 2.97E-01 1.45E-02

114 1.57E+00 2.86E-01 1.39E-02

116 1.53E+00 2.78E-01 1.35E-02

118 1.49E+00 2.71E-01 1.32E-02

120 1.46E+00 2.65E-01 1.29E-02

122 1.43E+00 2.60E-01 1.26E-02

124 1.40E+00 2.54E-01 1.23E-02

126 1.37E+00 2.49E-01 1.21E-02

128 1.35E+00 2.44E-01 1.18E-02

130 1.32E+00 2.39E-01 1.16E-02

132 1.29E+00 2.34E-01 1.14E-02

134 1.27E+00 2.30E-01 1.11E-02

136 1.24E+00 2.25E-01 1.09E-02

138 1.22E+00 2.21E-01 1.07E-02

140 1.19E+00 2.16E-01 1.05E-02

142 1.17E+00 2.12E-01 1.03E-02

144 1.14E+00 2.08E-01 1.01E-02

146 1.12E+00 2.03E-01 9.87E-03

148 1.10E+00 1.99E-01 9.68E-03

150 1.08E+00 1.95E-01 9.48E-03

152 1.05E+00 1.91E-01 9.29E-03

154 1.03E+00 1.88E-01 9.11E-03

156 1.01E+00 1.84E-01 8.93E-03

158 9.93E-01 1.80E-01 8.75E-03

160 9.73E-01 1.77E-01 8.57E-03

162 9.54E-01 1.73E-01 8.40E-03

164 9.34E-01 1.70E-01 8.23E-03

166 9.16E-01 1.66E-01 8.07E-03

168 8.97E-01 1.63E-01 7.91E-03

170 8.80E-01 1.60E-01 7.75E-03

172 8.62E-01 1.56E-01 7.59E-03

174 8.45E-01 1.53E-01 7.44E-03

176 8.28E-01 1.50E-01 7.29E-03

178 8.11E-01 1.47E-01 7.15E-03

180 7.95E-01 1.44E-01 7.00E-03

182 7.79E-01 1.41E-01 6.86E-03

184 7.64E-01 1.39E-01 6.73E-03

186 7.48E-01 1.36E-01 6.59E-03

188 7.33E-01 1.33E-01 6.46E-03

190 7.19E-01 1.30E-01 6.33E-03

192 7.04E-01 1.28E-01 6.20E-03

194 6.90E-01 1.25E-01 6.08E-03

196 6.76E-01 1.23E-01 5.96E-03

198 6.63E-01 1.20E-01 5.84E-03

200 6.50E-01 1.18E-01 5.72E-03



Attachment F-5

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 104 96

Date Achieved 2064 2056

Time from 2020 (yrs) 44 36

Input parameters: Output results (550 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1.05 6 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 8 0.00E+00 0.00E+00 0.00E+00

Width (m) 100 Yield 0.161 10 0.00E+00 0.00E+00 0.00E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 0.00E+00 0.00E+00 0.00E+00

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 0.00E+00 0.00E+00 0.00E+00

Porosity 0.25 0.85 1.03 0.85 16 0.00E+00 0.00E+00 0.00E+00

0.8 0.8 0.8 18 0.00E+00 0.00E+00 0.00E+00

Fraction Removed 0.95 Yield 0 20 5.39E-01 4.30E-02 1.88E-03

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 2.08E+01 1.67E+00 7.31E-02

Remed. End (yr) 71 3.07 3.12 3.12 24 1.50E+02 1.21E+01 5.31E-01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 5.31E+02 4.29E+01 1.88E+00

3 3 3 28 1.30E+03 1.05E+02 4.62E+00

Retardation Factor 1.5 Dist. from Source 30 1.94E+03 1.58E+02 6.93E+00

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 2.55E+03 2.08E+02 9.13E+00

vMin 0 34 3.02E+03 2.46E+02 1.08E+01

vMax 1.5648 Intervals Min Value Max Value 36 3.21E+03 2.62E+02 1.15E+01

#Stream Tubes 100 x-direction (m) 21 0.01 1000 38 3.30E+03 2.69E+02 1.18E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 3.31E+03 2.70E+02 1.19E+01

alpha z (m) 0.04 z-direction 1 0 0 42 3.26E+03 2.66E+02 1.17E+01

Time (yr) 100 0 200 44 3.19E+03 2.60E+02 1.15E+01

46 3.12E+03 2.54E+02 1.12E+01

48 3.04E+03 2.48E+02 1.09E+01

50 2.96E+03 2.41E+02 1.06E+01

52 2.88E+03 2.35E+02 1.03E+01

54 2.80E+03 2.29E+02 1.01E+01

56 2.73E+03 2.22E+02 9.79E+00

58 2.66E+03 2.17E+02 9.52E+00

60 2.59E+03 2.11E+02 9.27E+00

62 2.52E+03 2.05E+02 9.02E+00

64 2.45E+03 2.00E+02 8.78E+00

66 2.05E+03 3.51E+02 1.53E+01

68 1.47E+03 3.84E+02 2.03E+01

70 1.05E+03 3.11E+02 1.72E+01

72 7.56E+02 2.34E+02 1.32E+01

74 6.05E+02 1.89E+02 1.07E+01

76 5.81E+02 1.57E+02 8.59E+00

78 6.12E+02 1.39E+02 7.28E+00

80 6.46E+02 1.36E+02 6.96E+00

82 6.78E+02 1.39E+02 7.03E+00

84 6.56E+02 1.33E+02 6.74E+00

86 5.76E+02 1.17E+02 5.93E+00

88 4.78E+02 9.73E+01 4.92E+00

90 3.72E+02 7.58E+01 3.84E+00

92 2.69E+02 5.49E+01 2.78E+00

94 1.81E+02 3.69E+01 1.87E+00

96 1.12E+02 2.29E+01 1.16E+00

98 6.48E+01 1.33E+01 6.71E-01

100 3.52E+01 7.21E+00 3.65E-01

102 1.83E+01 3.75E+00 1.90E-01

Tme to Achieve:

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment F-5

GW-8: Nyacol/WAC In-Situ Treatment and Limited Pump and Treat; Plume In-Situ Treatment

104 9.38E+00 1.92E+00 9.74E-02

106 4.88E+00 1.00E+00 5.07E-02

108 2.70E+00 5.53E-01 2.80E-02

110 1.66E+00 3.39E-01 1.72E-02

112 1.16E+00 2.37E-01 1.20E-02

114 9.22E-01 1.88E-01 9.51E-03

116 8.02E-01 1.63E-01 8.27E-03

118 7.38E-01 1.50E-01 7.60E-03

120 7.00E-01 1.42E-01 7.20E-03

122 6.74E-01 1.37E-01 6.94E-03

124 6.55E-01 1.33E-01 6.74E-03

126 6.39E-01 1.30E-01 6.58E-03

128 6.25E-01 1.27E-01 6.43E-03

130 6.12E-01 1.24E-01 6.29E-03

132 5.99E-01 1.22E-01 6.16E-03

134 5.87E-01 1.19E-01 6.04E-03

136 5.75E-01 1.17E-01 5.92E-03

138 5.63E-01 1.15E-01 5.80E-03

140 5.52E-01 1.12E-01 5.68E-03

142 5.41E-01 1.10E-01 5.57E-03

144 5.30E-01 1.08E-01 5.45E-03

146 5.20E-01 1.06E-01 5.34E-03

148 5.09E-01 1.04E-01 5.24E-03

150 4.99E-01 1.02E-01 5.13E-03

152 4.89E-01 9.95E-02 5.03E-03

154 4.79E-01 9.75E-02 4.93E-03

156 4.70E-01 9.55E-02 4.83E-03

158 4.60E-01 9.36E-02 4.73E-03

160 4.51E-01 9.18E-02 4.64E-03

162 4.42E-01 8.99E-02 4.55E-03

164 4.33E-01 8.81E-02 4.46E-03

166 4.24E-01 8.64E-02 4.37E-03

168 4.16E-01 8.46E-02 4.28E-03

170 4.08E-01 8.29E-02 4.19E-03

172 3.99E-01 8.13E-02 4.11E-03

174 3.91E-01 7.97E-02 4.03E-03

176 3.84E-01 7.81E-02 3.95E-03

178 3.76E-01 7.65E-02 3.87E-03

180 3.68E-01 7.50E-02 3.79E-03

182 3.61E-01 7.35E-02 3.71E-03

184 3.54E-01 7.20E-02 3.64E-03

186 3.47E-01 7.06E-02 3.57E-03

188 3.40E-01 6.92E-02 3.50E-03

190 3.33E-01 6.78E-02 3.43E-03

192 3.26E-01 6.64E-02 3.36E-03

194 3.20E-01 6.51E-02 3.29E-03

196 3.14E-01 6.38E-02 3.22E-03

198 3.07E-01 6.25E-02 3.16E-03

200 3.01E-01 6.13E-02 3.10E-03



Attachment G-1

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 335 105

Date Achieved 2295 2065

Time from 2020 (yrs) 275 45

Input parameters: Output results (10 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 4.94E+04 5.96E+02 1.08E+01

Mass (Kg) 34,000 75 0.11 0.19 1.11 10 4.60E+04 5.56E+02 1.01E+01

Gamma 2 time (yr): 0.1 0.31 1 15 4.29E+04 5.18E+02 9.37E+00

65 0.05 0.08 1 20 4.00E+04 4.83E+02 8.74E+00

Width (m) 100 Yield 0.161 25 3.73E+04 4.51E+02 8.16E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 3.49E+04 4.21E+02 7.62E+00

Darcy Velocity (m/yr) 6.8 0.86 0.91 0.91 35 3.26E+04 3.94E+02 7.12E+00

Porosity 0.25 0.85 1.01 0.85 40 3.05E+04 3.68E+02 6.66E+00

0.8 0.8 0.8 45 2.85E+04 3.44E+02 6.23E+00

Fraction Removed 0.9 Yield 0 50 2.67E+04 3.22E+02 5.84E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 2.50E+04 3.02E+02 5.47E+00

Remed. End (yr) 70 3.06 3.11 3.11 60 2.34E+04 2.83E+02 5.12E+00

Source Decay (1/yr) 0.005 3.05 3.23 3.05 65 8.40E+03 1.02E+02 1.85E+00

3 3 3 70 5.20E+02 1.27E+01 2.47E-01

Retardation Factor 1.5 Dist. from Source 75 2.18E+02 5.27E+00 1.01E-01

SigmaV 0.1412 X1 (m) 400 X2 (m) 700 80 2.06E+02 5.48E+00 1.07E-01

vMin 0 85 1.96E+02 5.21E+00 1.01E-01

vMax 1.5648 Intervals Min Value Max Value 90 1.86E+02 4.95E+00 9.62E-02

#Stream Tubes 100 x-direction (m) 11 0.01 100 95 1.77E+02 4.70E+00 9.14E-02

alpha y (m) 0.4 y-direction (m) 1 0 0 100 1.68E+02 4.47E+00 8.68E-02

alpha z (m) 0.04 z-direction 1 0 0 105 1.60E+02 4.24E+00 8.25E-02

Time (yr) 100 0 500 110 1.52E+02 4.03E+00 7.84E-02

115 1.44E+02 3.83E+00 7.45E-02

120 1.37E+02 3.64E+00 7.08E-02

125 1.30E+02 3.46E+00 6.72E-02

130 1.24E+02 3.29E+00 6.39E-02

135 1.17E+02 3.12E+00 6.07E-02

140 1.12E+02 2.97E+00 5.77E-02

145 1.06E+02 2.82E+00 5.48E-02

150 1.01E+02 2.68E+00 5.21E-02

155 9.58E+01 2.55E+00 4.95E-02

160 9.11E+01 2.42E+00 4.70E-02

165 8.65E+01 2.30E+00 4.47E-02

170 8.22E+01 2.18E+00 4.25E-02

175 7.82E+01 2.08E+00 4.04E-02

180 7.43E+01 1.97E+00 3.84E-02

185 7.06E+01 1.88E+00 3.65E-02

190 6.71E+01 1.78E+00 3.47E-02

195 6.38E+01 1.69E+00 3.30E-02

200 6.06E+01 1.61E+00 3.13E-02

205 5.76E+01 1.53E+00 2.98E-02

210 5.48E+01 1.46E+00 2.83E-02

215 5.21E+01 1.38E+00 2.69E-02

220 4.95E+01 1.31E+00 2.56E-02

225 4.71E+01 1.25E+00 2.43E-02

230 4.47E+01 1.19E+00 2.31E-02

235 4.25E+01 1.13E+00 2.20E-02

240 4.04E+01 1.07E+00 2.09E-02

245 3.84E+01 1.02E+00 1.99E-02

Tme to Achieve:

Simulation Parameters

Source Remediation

Transport Parameters

Component 2: 1,2-DCE

Component 3: VC

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal
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Attachment G-1

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

250 3.65E+01 9.70E-01 1.89E-02

255 3.47E+01 9.23E-01 1.79E-02

260 3.30E+01 8.77E-01 1.71E-02

265 3.14E+01 8.34E-01 1.62E-02

270 2.98E+01 7.93E-01 1.54E-02

275 2.84E+01 7.54E-01 1.47E-02

280 2.70E+01 7.17E-01 1.39E-02

285 2.56E+01 6.81E-01 1.32E-02

290 2.44E+01 6.48E-01 1.26E-02

295 2.32E+01 6.16E-01 1.20E-02

300 2.20E+01 5.86E-01 1.14E-02

305 2.10E+01 5.57E-01 1.08E-02

310 1.99E+01 5.29E-01 1.03E-02

315 1.89E+01 5.03E-01 9.79E-03

320 1.80E+01 4.79E-01 9.31E-03

325 1.71E+01 4.55E-01 8.85E-03

330 1.63E+01 4.33E-01 8.41E-03

335 1.55E+01 4.11E-01 8.00E-03

340 1.47E+01 3.91E-01 7.61E-03

345 1.40E+01 3.72E-01 7.23E-03

350 1.33E+01 3.54E-01 6.88E-03

355 1.27E+01 3.36E-01 6.54E-03

360 1.20E+01 3.20E-01 6.22E-03

365 1.14E+01 3.04E-01 5.91E-03

370 1.09E+01 2.89E-01 5.62E-03

375 1.04E+01 2.75E-01 5.35E-03

380 9.84E+00 2.62E-01 5.09E-03

385 9.36E+00 2.49E-01 4.84E-03

390 8.90E+00 2.37E-01 4.60E-03

395 8.47E+00 2.25E-01 4.37E-03

400 8.05E+00 2.14E-01 4.16E-03

405 7.66E+00 2.03E-01 3.96E-03

410 7.28E+00 1.93E-01 3.76E-03

415 6.92E+00 1.84E-01 3.58E-03

420 6.58E+00 1.75E-01 3.40E-03

425 6.26E+00 1.66E-01 3.24E-03

430 5.96E+00 1.58E-01 3.08E-03

435 5.66E+00 1.50E-01 2.93E-03

440 5.39E+00 1.43E-01 2.78E-03

445 5.12E+00 1.36E-01 2.65E-03

450 4.87E+00 1.29E-01 2.52E-03

455 4.63E+00 1.23E-01 2.39E-03

460 4.41E+00 1.17E-01 2.28E-03

465 4.19E+00 1.11E-01 2.16E-03

470 3.98E+00 1.06E-01 2.06E-03

475 3.79E+00 1.01E-01 1.96E-03

480 3.60E+00 9.58E-02 1.86E-03

485 3.43E+00 9.11E-02 1.77E-03

490 3.26E+00 8.66E-02 1.68E-03

495 3.10E+00 8.24E-02 1.60E-03

500 2.95E+00 7.83E-02 1.52E-03



Attachment G-2

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 240 80

Date Achieved 2200 2040

Time from 2020 (yrs) 180 20

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 6.09E+03 2.71E+02 1.14E+01

Mass (Kg) 34,000 75 0.11 0.19 1.11 10 2.23E+04 1.03E+03 4.38E+01

Gamma 2 time (yr): 0.1 0.31 1 15 2.08E+04 9.58E+02 4.08E+01

65 0.05 0.08 1 20 1.94E+04 8.93E+02 3.80E+01

Width (m) 100 Yield 0.161 25 1.81E+04 8.33E+02 3.55E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 1.69E+04 7.77E+02 3.31E+01

Darcy Velocity (m/yr) 6.8 0.86 0.91 0.91 35 1.57E+04 7.26E+02 3.09E+01

Porosity 0.25 0.85 1.01 0.85 40 1.47E+04 6.79E+02 2.89E+01

0.8 0.8 0.8 45 1.38E+04 6.35E+02 2.70E+01

Fraction Removed 0.9 Yield 0 50 1.29E+04 5.94E+02 2.53E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 1.21E+04 5.56E+02 2.37E+01

Remed. End (yr) 70 3.06 3.11 3.11 60 1.13E+04 5.21E+02 2.22E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 65 1.04E+04 4.82E+02 2.05E+01

3 3 3 70 3.31E+03 3.03E+02 1.37E+01

Retardation Factor 1.5 Dist. from Source 75 2.61E+02 2.45E+01 1.12E+00

SigmaV 0.1412 X1 (m) 400 X2 (m) 700 80 8.07E+01 8.16E+00 3.74E-01

vMin 0 85 7.62E+01 7.72E+00 3.54E-01

vMax 1.5648 Intervals Min Value Max Value 90 7.24E+01 7.33E+00 3.36E-01

#Stream Tubes 100 x-direction (m) 11 0.01 100 95 6.87E+01 6.97E+00 3.19E-01

alpha y (m) 0.4 y-direction (m) 1 0 0 100 6.53E+01 6.62E+00 3.03E-01

alpha z (m) 0.04 z-direction 1 0 0 105 6.20E+01 6.29E+00 2.88E-01

Time (yr) 100 0 500 110 5.89E+01 5.97E+00 2.74E-01

115 5.60E+01 5.68E+00 2.60E-01

120 5.32E+01 5.39E+00 2.47E-01

125 5.05E+01 5.12E+00 2.35E-01

130 4.80E+01 4.87E+00 2.23E-01

135 4.56E+01 4.63E+00 2.12E-01

140 4.34E+01 4.40E+00 2.01E-01

145 4.12E+01 4.18E+00 1.91E-01

150 3.92E+01 3.97E+00 1.82E-01

155 3.72E+01 3.77E+00 1.73E-01

160 3.54E+01 3.58E+00 1.64E-01

165 3.36E+01 3.41E+00 1.56E-01

170 3.19E+01 3.24E+00 1.48E-01

175 3.04E+01 3.08E+00 1.41E-01

180 2.88E+01 2.92E+00 1.34E-01

185 2.74E+01 2.78E+00 1.27E-01

190 2.61E+01 2.64E+00 1.21E-01

195 2.48E+01 2.51E+00 1.15E-01

200 2.35E+01 2.39E+00 1.09E-01

205 2.24E+01 2.27E+00 1.04E-01

210 2.13E+01 2.16E+00 9.88E-02

215 2.02E+01 2.05E+00 9.39E-02

220 1.92E+01 1.95E+00 8.92E-02

225 1.83E+01 1.85E+00 8.48E-02

230 1.74E+01 1.76E+00 8.06E-02

235 1.65E+01 1.67E+00 7.66E-02

240 1.57E+01 1.59E+00 7.29E-02

245 1.49E+01 1.51E+00 6.93E-02

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters

Component 2: 1,2-DCE

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal
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Attachment G-2

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

250 1.42E+01 1.44E+00 6.58E-02

255 1.35E+01 1.37E+00 6.26E-02

260 1.28E+01 1.30E+00 5.95E-02

265 1.22E+01 1.24E+00 5.66E-02

270 1.16E+01 1.17E+00 5.38E-02

275 1.10E+01 1.12E+00 5.11E-02

280 1.05E+01 1.06E+00 4.86E-02

285 9.95E+00 1.01E+00 4.62E-02

290 9.46E+00 9.59E-01 4.39E-02

295 9.00E+00 9.12E-01 4.18E-02

300 8.56E+00 8.67E-01 3.97E-02

305 8.13E+00 8.25E-01 3.78E-02

310 7.73E+00 7.84E-01 3.59E-02

315 7.35E+00 7.45E-01 3.41E-02

320 6.99E+00 7.09E-01 3.25E-02

325 6.65E+00 6.74E-01 3.09E-02

330 6.32E+00 6.41E-01 2.94E-02

335 6.01E+00 6.09E-01 2.79E-02

340 5.72E+00 5.79E-01 2.65E-02

345 5.43E+00 5.51E-01 2.52E-02

350 5.17E+00 5.24E-01 2.40E-02

355 4.91E+00 4.98E-01 2.28E-02

360 4.67E+00 4.74E-01 2.17E-02

365 4.44E+00 4.50E-01 2.06E-02

370 4.23E+00 4.28E-01 1.96E-02

375 4.02E+00 4.07E-01 1.87E-02

380 3.82E+00 3.87E-01 1.77E-02

385 3.63E+00 3.68E-01 1.69E-02

390 3.45E+00 3.50E-01 1.60E-02

395 3.29E+00 3.33E-01 1.53E-02

400 3.12E+00 3.17E-01 1.45E-02

405 2.97E+00 3.01E-01 1.38E-02

410 2.83E+00 2.86E-01 1.31E-02

415 2.69E+00 2.72E-01 1.25E-02

420 2.56E+00 2.59E-01 1.19E-02

425 2.43E+00 2.46E-01 1.13E-02

430 2.31E+00 2.34E-01 1.07E-02

435 2.20E+00 2.23E-01 1.02E-02

440 2.09E+00 2.12E-01 9.70E-03

445 1.99E+00 2.01E-01 9.23E-03

450 1.89E+00 1.92E-01 8.78E-03

455 1.80E+00 1.82E-01 8.35E-03

460 1.71E+00 1.73E-01 7.94E-03

465 1.63E+00 1.65E-01 7.55E-03

470 1.55E+00 1.57E-01 7.18E-03

475 1.47E+00 1.49E-01 6.83E-03

480 1.40E+00 1.42E-01 6.49E-03

485 1.33E+00 1.35E-01 6.18E-03

490 1.27E+00 1.28E-01 5.87E-03

495 1.20E+00 1.22E-01 5.59E-03

500 1.14E+00 1.16E-01 5.31E-03



Attachment G-3

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 174 82

Date Achieved 2134 2042

Time from 2020 (yrs) 114 22

Input parameters: Output results (200 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.11 0.19 1.11 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1 6 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 8 6.09E+01 2.94E+00 1.28E-01

Width (m) 100 Yield 0.161 10 3.81E+03 1.86E+02 8.11E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 1.03E+04 5.04E+02 2.20E+01

Darcy Velocity (m/yr) 6.8 0.86 0.91 0.91 14 1.31E+04 6.44E+02 2.81E+01

Porosity 0.25 0.85 1.01 0.85 16 1.34E+04 6.56E+02 2.86E+01

0.8 0.8 0.8 18 1.31E+04 6.44E+02 2.81E+01

Fraction Removed 0.9 Yield 0 20 1.28E+04 6.27E+02 2.73E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.24E+04 6.10E+02 2.66E+01

Remed. End (yr) 70 3.06 3.11 3.11 24 1.21E+04 5.93E+02 2.58E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 1.17E+04 5.77E+02 2.51E+01

3 3 3 28 1.14E+04 5.61E+02 2.44E+01

Retardation Factor 1.5 Dist. from Source 30 1.11E+04 5.45E+02 2.38E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 700 32 1.08E+04 5.31E+02 2.31E+01

vMin 0 34 1.05E+04 5.16E+02 2.25E+01

vMax 1.5648 Intervals Min Value Max Value 36 1.02E+04 5.02E+02 2.19E+01

#Stream Tubes 100 x-direction (m) 11 0.01 1000 38 9.95E+03 4.89E+02 2.13E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 9.69E+03 4.75E+02 2.07E+01

alpha z (m) 0.04 z-direction 1 0 0 42 9.43E+03 4.63E+02 2.02E+01

Time (yr) 100 0 200 44 9.17E+03 4.50E+02 1.96E+01

46 8.93E+03 4.38E+02 1.91E+01

48 8.69E+03 4.27E+02 1.86E+01

50 8.46E+03 4.16E+02 1.81E+01

52 8.24E+03 4.05E+02 1.76E+01

54 8.02E+03 3.94E+02 1.72E+01

56 7.81E+03 3.84E+02 1.67E+01

58 7.61E+03 3.74E+02 1.63E+01

60 7.41E+03 3.64E+02 1.59E+01

62 7.22E+03 3.55E+02 1.55E+01

64 7.03E+03 3.45E+02 1.51E+01

66 6.63E+03 4.54E+02 1.85E+01

68 6.04E+03 5.28E+02 2.34E+01

70 5.36E+03 5.06E+02 2.31E+01

72 4.12E+03 4.00E+02 1.84E+01

74 2.68E+03 2.62E+02 1.21E+01

76 1.51E+03 1.54E+02 7.11E+00

78 7.19E+02 7.62E+01 3.55E+00

80 2.66E+02 2.86E+01 1.34E+00

82 9.19E+01 9.93E+00 4.65E-01

84 4.99E+01 5.39E+00 2.53E-01

86 4.10E+01 4.43E+00 2.08E-01

88 3.87E+01 4.18E+00 1.96E-01

90 3.76E+01 4.06E+00 1.90E-01

92 3.67E+01 3.97E+00 1.86E-01

94 3.60E+01 3.88E+00 1.82E-01

96 3.52E+01 3.80E+00 1.78E-01

98 3.45E+01 3.73E+00 1.75E-01

Component 2: 1,2-DCE

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening level) 

based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard quotient 

= 1, 15°C groundwater temperature from 2005 HHRA, 

and site-specific attenuation factor. 10x SS VISL used 

as interim value to determine mass removal

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment G-3

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

100 3.38E+01 3.65E+00 1.71E-01

102 3.31E+01 3.58E+00 1.68E-01

104 3.25E+01 3.50E+00 1.64E-01

106 3.18E+01 3.43E+00 1.61E-01

108 3.11E+01 3.36E+00 1.58E-01

110 3.05E+01 3.29E+00 1.54E-01

112 2.99E+01 3.23E+00 1.51E-01

114 2.93E+01 3.16E+00 1.48E-01

116 2.87E+01 3.10E+00 1.45E-01

118 2.81E+01 3.04E+00 1.42E-01

120 2.75E+01 2.97E+00 1.39E-01

122 2.70E+01 2.91E+00 1.37E-01

124 2.64E+01 2.85E+00 1.34E-01

126 2.59E+01 2.80E+00 1.31E-01

128 2.54E+01 2.74E+00 1.28E-01

130 2.49E+01 2.68E+00 1.26E-01

132 2.44E+01 2.63E+00 1.23E-01

134 2.39E+01 2.58E+00 1.21E-01

136 2.34E+01 2.53E+00 1.18E-01

138 2.29E+01 2.47E+00 1.16E-01

140 2.24E+01 2.42E+00 1.14E-01

142 2.20E+01 2.37E+00 1.11E-01

144 2.15E+01 2.33E+00 1.09E-01

146 2.11E+01 2.28E+00 1.07E-01

148 2.07E+01 2.23E+00 1.05E-01

150 2.03E+01 2.19E+00 1.03E-01

152 1.99E+01 2.14E+00 1.00E-01

154 1.95E+01 2.10E+00 9.84E-02

156 1.91E+01 2.06E+00 9.65E-02

158 1.87E+01 2.02E+00 9.45E-02

160 1.83E+01 1.98E+00 9.26E-02

162 1.79E+01 1.94E+00 9.07E-02

164 1.76E+01 1.90E+00 8.89E-02

166 1.72E+01 1.86E+00 8.71E-02

168 1.69E+01 1.82E+00 8.54E-02

170 1.65E+01 1.78E+00 8.36E-02

172 1.62E+01 1.75E+00 8.19E-02

174 1.59E+01 1.71E+00 8.03E-02

176 1.56E+01 1.68E+00 7.87E-02

178 1.52E+01 1.65E+00 7.71E-02

180 1.49E+01 1.61E+00 7.55E-02

182 1.46E+01 1.58E+00 7.40E-02

184 1.43E+01 1.55E+00 7.25E-02

186 1.40E+01 1.52E+00 7.11E-02

188 1.38E+01 1.49E+00 6.96E-02

190 1.35E+01 1.46E+00 6.82E-02

192 1.32E+01 1.43E+00 6.69E-02

194 1.29E+01 1.40E+00 6.55E-02

196 1.27E+01 1.37E+00 6.42E-02

198 1.24E+01 1.34E+00 6.29E-02

200 1.22E+01 1.32E+00 6.16E-02



Attachment G-4

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 100 94

Date Achieved 2060 2054

Time from 2020 (yrs) 40 34

Input parameters: Output results (450 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.1 0.19 1.11 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1 6 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 8 0.00E+00 0.00E+00 0.00E+00

Width (m) 100 Yield 0.161 10 0.00E+00 0.00E+00 0.00E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 0.00E+00 0.00E+00 0.00E+00

Darcy Velocity (m/yr) 6.8 0.86 0.91 0.91 14 0.00E+00 0.00E+00 0.00E+00

Porosity 0.25 0.85 1.01 0.85 16 1.50E-01 1.02E-02 4.24E-04

0.8 0.8 0.8 18 2.85E+01 1.98E+00 8.21E-02

Fraction Removed 0.9 Yield 0 20 3.35E+02 2.36E+01 9.87E-01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.24E+03 8.83E+01 3.70E+00

Remed. End (yr) 70 3.06 3.11 3.11 24 2.59E+03 1.86E+02 7.84E+00

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 3.77E+03 2.73E+02 1.15E+01

3 3 3 28 4.48E+03 3.27E+02 1.38E+01

Retardation Factor 1.5 Dist. from Source 30 4.90E+03 3.58E+02 1.52E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 700 32 5.01E+03 3.67E+02 1.55E+01

vMin 0 34 5.01E+03 3.67E+02 1.56E+01

vMax 1.5648 Intervals Min Value Max Value 36 4.94E+03 3.62E+02 1.54E+01

#Stream Tubes 100 x-direction (m) 21 0.01 1000 38 4.82E+03 3.54E+02 1.50E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 4.70E+03 3.45E+02 1.46E+01

alpha z (m) 0.04 z-direction 1 0 0 42 4.58E+03 3.36E+02 1.43E+01

Time (yr) 100 0 200 44 4.46E+03 3.27E+02 1.39E+01

46 4.34E+03 3.18E+02 1.35E+01

48 4.22E+03 3.10E+02 1.31E+01

50 4.11E+03 3.01E+02 1.28E+01

52 3.99E+03 2.93E+02 1.24E+01

54 3.89E+03 2.85E+02 1.21E+01

56 3.78E+03 2.78E+02 1.18E+01

58 3.68E+03 2.70E+02 1.15E+01

60 3.58E+03 2.63E+02 1.12E+01

62 3.49E+03 2.56E+02 1.09E+01

64 3.40E+03 2.49E+02 1.06E+01

66 2.84E+03 4.68E+02 1.94E+01

68 2.11E+03 5.28E+02 2.66E+01

70 1.90E+03 4.93E+02 2.52E+01

72 1.73E+03 4.54E+02 2.33E+01

74 1.58E+03 4.16E+02 2.14E+01

76 1.56E+03 3.33E+02 1.70E+01

78 1.62E+03 2.77E+02 1.33E+01

80 1.46E+03 2.50E+02 1.20E+01

82 1.27E+03 2.18E+02 1.04E+01

84 1.03E+03 1.77E+02 8.53E+00

86 7.66E+02 1.33E+02 6.39E+00

88 5.20E+02 9.06E+01 4.37E+00

90 3.20E+02 5.62E+01 2.71E+00

92 1.80E+02 3.18E+01 1.54E+00

94 9.46E+01 1.68E+01 8.15E-01

96 4.86E+01 8.65E+00 4.21E-01

98 2.62E+01 4.66E+00 2.26E-01

100 1.60E+01 2.82E+00 1.37E-01

102 1.14E+01 2.00E+00 9.65E-02

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters

Component 2: 1,2-DCE

Tme to Achieve:

Initial Source

Source Dimensions

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal
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Attachment G-4

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

104 9.39E+00 1.63E+00 7.84E-02

106 8.44E+00 1.45E+00 6.99E-02

108 7.93E+00 1.36E+00 6.54E-02

110 7.63E+00 1.31E+00 6.28E-02

112 7.41E+00 1.27E+00 6.09E-02

114 7.23E+00 1.24E+00 5.94E-02

116 7.07E+00 1.21E+00 5.81E-02

118 6.92E+00 1.19E+00 5.68E-02

120 6.77E+00 1.16E+00 5.56E-02

122 6.64E+00 1.14E+00 5.45E-02

124 6.50E+00 1.11E+00 5.34E-02

126 6.37E+00 1.09E+00 5.23E-02

128 6.24E+00 1.07E+00 5.12E-02

130 6.11E+00 1.05E+00 5.02E-02

132 5.99E+00 1.03E+00 4.92E-02

134 5.87E+00 1.01E+00 4.82E-02

136 5.75E+00 9.85E-01 4.72E-02

138 5.63E+00 9.65E-01 4.62E-02

140 5.52E+00 9.45E-01 4.53E-02

142 5.41E+00 9.26E-01 4.44E-02

144 5.30E+00 9.07E-01 4.35E-02

146 5.19E+00 8.89E-01 4.26E-02

148 5.08E+00 8.71E-01 4.17E-02

150 4.98E+00 8.53E-01 4.09E-02

152 4.88E+00 8.36E-01 4.01E-02

154 4.78E+00 8.19E-01 3.93E-02

156 4.68E+00 8.03E-01 3.85E-02

158 4.59E+00 7.86E-01 3.77E-02

160 4.50E+00 7.71E-01 3.69E-02

162 4.41E+00 7.55E-01 3.62E-02

164 4.32E+00 7.40E-01 3.55E-02

166 4.23E+00 7.25E-01 3.47E-02

168 4.14E+00 7.10E-01 3.40E-02

170 4.06E+00 6.96E-01 3.33E-02

172 3.98E+00 6.82E-01 3.27E-02

174 3.90E+00 6.68E-01 3.20E-02

176 3.82E+00 6.55E-01 3.14E-02

178 3.74E+00 6.41E-01 3.07E-02

180 3.67E+00 6.28E-01 3.01E-02

182 3.59E+00 6.16E-01 2.95E-02

184 3.52E+00 6.03E-01 2.89E-02

186 3.45E+00 5.91E-01 2.83E-02

188 3.38E+00 5.79E-01 2.78E-02

190 3.31E+00 5.68E-01 2.72E-02

192 3.25E+00 5.56E-01 2.67E-02

194 3.18E+00 5.45E-01 2.61E-02

196 3.12E+00 5.34E-01 2.56E-02

198 3.05E+00 5.23E-01 2.51E-02

200 2.99E+00 5.13E-01 2.46E-02



Attachment G-5

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

SS VISL* 10x SS VISL*

TCE PRG 16 160

Time Achieved (yrs) 104 96

Date Achieved 2064 2056

Time from 2020 (yrs) 44 36

Input parameters: Output results (550 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.1 0.19 1.11 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1 6 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 8 0.00E+00 0.00E+00 0.00E+00

Width (m) 100 Yield 0.161 10 0.00E+00 0.00E+00 0.00E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 0.00E+00 0.00E+00 0.00E+00

Darcy Velocity (m/yr) 6.8 0.86 0.91 0.91 14 0.00E+00 0.00E+00 0.00E+00

Porosity 0.25 0.85 1.01 0.85 16 0.00E+00 0.00E+00 0.00E+00

0.8 0.8 0.8 18 0.00E+00 0.00E+00 0.00E+00

Fraction Removed 0.9 Yield 0 20 5.39E-01 4.30E-02 1.88E-03

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 2.08E+01 1.67E+00 7.31E-02

Remed. End (yr) 70 3.06 3.11 3.11 24 1.50E+02 1.21E+01 5.31E-01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 5.31E+02 4.29E+01 1.88E+00

3 3 3 28 1.30E+03 1.05E+02 4.62E+00

Retardation Factor 1.5 Dist. from Source 30 1.94E+03 1.58E+02 6.93E+00

SigmaV 0.1412 X1 (m) 400 X2 (m) 700 32 2.55E+03 2.08E+02 9.13E+00

vMin 0 34 3.02E+03 2.46E+02 1.08E+01

vMax 1.5648 Intervals Min Value Max Value 36 3.21E+03 2.62E+02 1.15E+01

#Stream Tubes 100 x-direction (m) 21 0.01 1000 38 3.30E+03 2.69E+02 1.18E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 3.31E+03 2.70E+02 1.19E+01

alpha z (m) 0.04 z-direction 1 0 0 42 3.26E+03 2.66E+02 1.17E+01

Time (yr) 100 0 200 44 3.19E+03 2.60E+02 1.15E+01

46 3.12E+03 2.54E+02 1.12E+01

48 3.04E+03 2.48E+02 1.09E+01

50 2.96E+03 2.41E+02 1.06E+01

52 2.88E+03 2.35E+02 1.03E+01

54 2.80E+03 2.29E+02 1.01E+01

56 2.73E+03 2.22E+02 9.79E+00

58 2.66E+03 2.17E+02 9.52E+00

60 2.59E+03 2.11E+02 9.27E+00

62 2.52E+03 2.05E+02 9.02E+00

64 2.45E+03 2.00E+02 8.78E+00

66 2.05E+03 3.54E+02 1.51E+01

68 1.47E+03 3.90E+02 2.02E+01

70 1.05E+03 3.18E+02 1.73E+01

72 7.56E+02 2.40E+02 1.32E+01

74 6.05E+02 1.94E+02 1.08E+01

76 5.85E+02 1.59E+02 8.66E+00

78 6.25E+02 1.38E+02 7.19E+00

80 6.68E+02 1.35E+02 6.84E+00

82 7.11E+02 1.38E+02 6.94E+00

84 6.96E+02 1.35E+02 6.73E+00

86 6.19E+02 1.20E+02 5.99E+00

88 5.19E+02 1.00E+02 5.02E+00

90 4.07E+02 7.88E+01 3.94E+00

92 2.96E+02 5.74E+01 2.87E+00

94 1.99E+02 3.86E+01 1.93E+00

96 1.24E+02 2.41E+01 1.21E+00

98 7.25E+01 1.41E+01 7.05E-01

100 4.06E+01 7.89E+00 3.95E-01

102 2.25E+01 4.38E+00 2.19E-01

Tme to Achieve:

*SS VISL (Site-specific vapor intrusion screening 

level) based on May 2018 VISL target groundwater 

concentration: target risk = 1x10-4 or hazard 

quotient = 1, 15°C groundwater temperature from 

2005 HHRA, and site-specific attenuation factor. 10x 

SS VISL used as interim value to determine mass 

removal

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment G-5

GW-9: Nyacol/WAC and Plume In-Situ Treatment 

104 1.30E+01 2.53E+00 1.27E-01

106 8.17E+00 1.59E+00 7.94E-02

108 5.78E+00 1.12E+00 5.61E-02

110 4.60E+00 8.91E-01 4.46E-02

112 4.01E+00 7.75E-01 3.88E-02

114 3.69E+00 7.13E-01 3.56E-02

116 3.50E+00 6.76E-01 3.38E-02

118 3.37E+00 6.52E-01 3.26E-02

120 3.28E+00 6.33E-01 3.17E-02

122 3.20E+00 6.18E-01 3.09E-02

124 3.13E+00 6.04E-01 3.02E-02

126 3.06E+00 5.91E-01 2.96E-02

128 2.99E+00 5.79E-01 2.89E-02

130 2.93E+00 5.67E-01 2.83E-02

132 2.87E+00 5.55E-01 2.78E-02

134 2.81E+00 5.44E-01 2.72E-02

136 2.76E+00 5.33E-01 2.66E-02

138 2.70E+00 5.22E-01 2.61E-02

140 2.65E+00 5.11E-01 2.56E-02

142 2.59E+00 5.01E-01 2.51E-02

144 2.54E+00 4.91E-01 2.45E-02

146 2.49E+00 4.81E-01 2.40E-02

148 2.44E+00 4.71E-01 2.36E-02

150 2.39E+00 4.62E-01 2.31E-02

152 2.34E+00 4.52E-01 2.26E-02

154 2.29E+00 4.43E-01 2.22E-02

156 2.25E+00 4.34E-01 2.17E-02

158 2.20E+00 4.25E-01 2.13E-02

160 2.16E+00 4.17E-01 2.08E-02

162 2.11E+00 4.08E-01 2.04E-02

164 2.07E+00 4.00E-01 2.00E-02

166 2.03E+00 3.92E-01 1.96E-02

168 1.99E+00 3.84E-01 1.92E-02

170 1.95E+00 3.76E-01 1.88E-02

172 1.91E+00 3.69E-01 1.84E-02

174 1.87E+00 3.61E-01 1.81E-02

176 1.83E+00 3.54E-01 1.77E-02

178 1.80E+00 3.47E-01 1.73E-02

180 1.76E+00 3.40E-01 1.70E-02

182 1.72E+00 3.33E-01 1.66E-02

184 1.69E+00 3.26E-01 1.63E-02

186 1.65E+00 3.20E-01 1.60E-02

188 1.62E+00 3.13E-01 1.57E-02

190 1.59E+00 3.07E-01 1.53E-02

192 1.56E+00 3.01E-01 1.50E-02

194 1.53E+00 2.95E-01 1.47E-02

196 1.49E+00 2.89E-01 1.44E-02

198 1.46E+00 2.83E-01 1.41E-02

200 1.43E+00 2.77E-01 1.39E-02



Attachment H-1

GW-8: Sensitivity Analysis - Original

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 100 76

Date Achieved 2060 2036

Time from 2020 (yrs) 40 16

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 9.44E+01 3.99E+00 1.64E-01

Gamma 2 time (yr): 0.1 0.31 1.05 6 1.68E+04 7.66E+02 3.25E+01

65 0.05 0.08 1 8 2.26E+04 1.04E+03 4.45E+01

Width (m) 100 Yield 0.161 10 2.23E+04 1.03E+03 4.38E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 2.17E+04 9.99E+02 4.26E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 2.11E+04 9.71E+02 4.14E+01

Porosity 0.25 0.85 1.03 0.85 16 2.05E+04 9.44E+02 4.02E+01

0.8 0.8 0.8 18 1.99E+04 9.18E+02 3.91E+01

Fraction Removed 0.95 Yield 0 20 1.94E+04 8.93E+02 3.80E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.88E+04 8.68E+02 3.70E+01

Remed. End (yr) 71 3.07 3.12 3.12 24 1.83E+04 8.44E+02 3.60E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 1.78E+04 8.21E+02 3.50E+01

3 3 3 28 1.73E+04 7.99E+02 3.41E+01

Retardation Factor 1.5 Dist. from Source 30 1.69E+04 7.77E+02 3.31E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 1.64E+04 7.56E+02 3.22E+01

vMin 0 34 1.60E+04 7.36E+02 3.14E+01

vMax 1.5648 Intervals Min Value Max Value 36 1.55E+04 7.16E+02 3.05E+01

#Stream Tubes 100 x-direction (m) 11 0.01 100 38 1.51E+04 6.97E+02 2.97E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 1.47E+04 6.79E+02 2.89E+01

alpha z (m) 0.04 z-direction 1 0 0 42 1.43E+04 6.61E+02 2.82E+01

Time (yr) 100 0 200 44 1.39E+04 6.43E+02 2.74E+01

46 1.36E+04 6.26E+02 2.67E+01

48 1.32E+04 6.10E+02 2.60E+01

50 1.29E+04 5.94E+02 2.53E+01

52 1.25E+04 5.78E+02 2.46E+01

54 1.22E+04 5.63E+02 2.40E+01

56 1.19E+04 5.49E+02 2.34E+01

58 1.16E+04 5.34E+02 2.28E+01

60 1.13E+04 5.21E+02 2.22E+01

62 1.03E+04 7.95E+02 3.36E+01

64 9.38E+03 8.33E+02 3.72E+01

66 7.94E+03 7.32E+02 3.31E+01

68 5.49E+03 5.08E+02 2.30E+01

70 3.38E+03 3.13E+02 1.42E+01

72 1.73E+03 1.82E+02 8.30E+00

74 6.59E+02 7.27E+01 3.37E+00

76 1.26E+02 1.42E+01 6.65E-01

78 2.50E+01 2.80E+00 1.30E-01

80 1.98E+01 2.19E+00 1.01E-01

82 1.92E+01 2.12E+00 9.81E-02

84 1.88E+01 2.07E+00 9.61E-02

86 1.84E+01 2.03E+00 9.41E-02

88 1.80E+01 1.99E+00 9.22E-02

90 1.76E+01 1.95E+00 9.04E-02

92 1.73E+01 1.91E+00 8.86E-02

94 1.69E+01 1.87E+00 8.68E-02

96 1.66E+01 1.84E+00 8.50E-02

98 1.63E+01 1.80E+00 8.33E-02

Simulation Parameters

Tme to Achieve:*

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Initial Source

*Baseline
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Attachment H-1

GW-8: Sensitivity Analysis - Original

100 1.59E+01 1.76E+00 8.17E-02

102 1.56E+01 1.73E+00 8.00E-02

104 1.53E+01 1.69E+00 7.84E-02

106 1.50E+01 1.66E+00 7.69E-02

108 1.47E+01 1.63E+00 7.53E-02

110 1.44E+01 1.59E+00 7.38E-02

112 1.41E+01 1.56E+00 7.23E-02

114 1.38E+01 1.53E+00 7.09E-02

116 1.36E+01 1.50E+00 6.95E-02

118 1.33E+01 1.47E+00 6.81E-02

120 1.30E+01 1.44E+00 6.67E-02

122 1.28E+01 1.41E+00 6.54E-02

124 1.25E+01 1.38E+00 6.41E-02

126 1.23E+01 1.35E+00 6.28E-02

128 1.20E+01 1.33E+00 6.15E-02

130 1.18E+01 1.30E+00 6.03E-02

132 1.15E+01 1.27E+00 5.91E-02

134 1.13E+01 1.25E+00 5.79E-02

136 1.11E+01 1.22E+00 5.67E-02

138 1.09E+01 1.20E+00 5.56E-02

140 1.06E+01 1.18E+00 5.45E-02

142 1.04E+01 1.15E+00 5.34E-02

144 1.02E+01 1.13E+00 5.23E-02

146 1.00E+01 1.11E+00 5.13E-02

148 9.81E+00 1.08E+00 5.03E-02

150 9.61E+00 1.06E+00 4.93E-02

152 9.42E+00 1.04E+00 4.83E-02

154 9.23E+00 1.02E+00 4.73E-02

156 9.05E+00 1.00E+00 4.64E-02

158 8.87E+00 9.80E-01 4.54E-02

160 8.69E+00 9.61E-01 4.45E-02

162 8.52E+00 9.42E-01 4.36E-02

164 8.35E+00 9.23E-01 4.28E-02

166 8.18E+00 9.04E-01 4.19E-02

168 8.02E+00 8.86E-01 4.11E-02

170 7.86E+00 8.69E-01 4.02E-02

172 7.70E+00 8.51E-01 3.94E-02

174 7.54E+00 8.34E-01 3.87E-02

176 7.39E+00 8.18E-01 3.79E-02

178 7.25E+00 8.01E-01 3.71E-02

180 7.10E+00 7.85E-01 3.64E-02

182 6.96E+00 7.70E-01 3.57E-02

184 6.82E+00 7.54E-01 3.49E-02

186 6.68E+00 7.39E-01 3.42E-02

188 6.55E+00 7.24E-01 3.36E-02

190 6.42E+00 7.10E-01 3.29E-02

192 6.29E+00 6.96E-01 3.22E-02

194 6.17E+00 6.82E-01 3.16E-02

196 6.04E+00 6.68E-01 3.10E-02

198 5.92E+00 6.55E-01 3.03E-02

200 5.80E+00 6.42E-01 2.97E-02



Attachment H-2

GW-8: Sensitivity Analysis - Decrease Source Removal Amount

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 370 145

Date Achieved 2330 2105

Time from 2020 (yrs) 310 85

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 6.09E+03 2.71E+02 1.14E+01

Mass (Kg) 34,000 75 0.12 0.2 1.12 10 2.23E+04 1.03E+03 4.38E+01

Gamma 2 time (yr): 0.1 0.31 1.05 15 2.08E+04 9.58E+02 4.08E+01

65 0.05 0.08 1 20 1.94E+04 8.93E+02 3.80E+01

Width (m) 100 Yield 0.161 25 1.81E+04 8.33E+02 3.55E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 1.69E+04 7.77E+02 3.31E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 35 1.57E+04 7.26E+02 3.09E+01

Porosity 0.25 0.85 1.03 0.85 40 1.47E+04 6.79E+02 2.89E+01

0.8 0.8 0.8 45 1.38E+04 6.35E+02 2.70E+01

Fraction Removed 0.8 Yield 0 50 1.29E+04 5.94E+02 2.53E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 1.21E+04 5.56E+02 2.37E+01

Remed. End (yr) 71 3.07 3.12 3.12 60 1.13E+04 5.21E+02 2.22E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 65 1.05E+04 4.83E+02 2.06E+01

3 3 3 70 4.16E+03 3.80E+02 1.72E+01

Retardation Factor 1.5 Dist. from Source 75 8.98E+02 8.35E+01 3.79E+00

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 80 3.15E+02 3.47E+01 1.61E+00

vMin 0 85 2.96E+02 3.27E+01 1.52E+00

vMax 1.5648 Intervals Min Value Max Value 90 2.81E+02 3.10E+01 1.44E+00

#Stream Tubes 100 x-direction (m) 11 0.01 100 95 2.66E+02 2.94E+01 1.36E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 100 2.53E+02 2.79E+01 1.29E+00

alpha z (m) 0.04 z-direction 1 0 0 105 2.40E+02 2.65E+01 1.23E+00

Time (yr) 100 0 500 110 2.27E+02 2.51E+01 1.17E+00

115 2.16E+02 2.39E+01 1.11E+00

120 2.05E+02 2.26E+01 1.05E+00

125 1.94E+02 2.15E+01 9.96E-01

130 1.84E+02 2.04E+01 9.45E-01

135 1.75E+02 1.94E+01 8.97E-01

140 1.66E+02 1.84E+01 8.51E-01

145 1.58E+02 1.74E+01 8.08E-01

150 1.50E+02 1.66E+01 7.67E-01

155 1.42E+02 1.57E+01 7.28E-01

160 1.35E+02 1.49E+01 6.92E-01

165 1.28E+02 1.42E+01 6.57E-01

170 1.22E+02 1.35E+01 6.23E-01

175 1.16E+02 1.28E+01 5.92E-01

180 1.10E+02 1.21E+01 5.62E-01

185 1.04E+02 1.15E+01 5.34E-01

190 9.90E+01 1.09E+01 5.07E-01

195 9.40E+01 1.04E+01 4.81E-01

200 8.93E+01 9.87E+00 4.57E-01

205 8.48E+01 9.37E+00 4.34E-01

210 8.05E+01 8.90E+00 4.13E-01

215 7.65E+01 8.46E+00 3.92E-01

220 7.27E+01 8.03E+00 3.72E-01

225 6.90E+01 7.63E+00 3.54E-01

230 6.56E+01 7.25E+00 3.36E-01

235 6.23E+01 6.89E+00 3.19E-01

240 5.92E+01 6.54E+00 3.03E-01

245 5.62E+01 6.22E+00 2.88E-01

Tme to Achieve:*

*Decrease source removal from 95% to 80%

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-2

GW-8: Sensitivity Analysis - Decrease Source Removal Amount

250 5.34E+01 5.91E+00 2.74E-01

255 5.07E+01 5.61E+00 2.60E-01

260 4.82E+01 5.33E+00 2.47E-01

265 4.58E+01 5.07E+00 2.35E-01

270 4.35E+01 4.81E+00 2.23E-01

275 4.14E+01 4.57E+00 2.12E-01

280 3.93E+01 4.35E+00 2.01E-01

285 3.74E+01 4.13E+00 1.91E-01

290 3.55E+01 3.92E+00 1.82E-01

295 3.37E+01 3.73E+00 1.73E-01

300 3.21E+01 3.54E+00 1.64E-01

305 3.05E+01 3.37E+00 1.56E-01

310 2.90E+01 3.20E+00 1.48E-01

315 2.75E+01 3.04E+00 1.41E-01

320 2.62E+01 2.89E+00 1.34E-01

325 2.49E+01 2.75E+00 1.27E-01

330 2.36E+01 2.61E+00 1.21E-01

335 2.25E+01 2.48E+00 1.15E-01

340 2.13E+01 2.36E+00 1.09E-01

345 2.03E+01 2.24E+00 1.04E-01

350 1.93E+01 2.13E+00 9.88E-02

355 1.83E+01 2.03E+00 9.39E-02

360 1.74E+01 1.93E+00 8.93E-02

365 1.66E+01 1.83E+00 8.49E-02

370 1.57E+01 1.74E+00 8.07E-02

375 1.50E+01 1.66E+00 7.67E-02

380 1.42E+01 1.57E+00 7.29E-02

385 1.35E+01 1.50E+00 6.93E-02

390 1.29E+01 1.42E+00 6.59E-02

395 1.22E+01 1.35E+00 6.26E-02

400 1.16E+01 1.29E+00 5.95E-02

405 1.11E+01 1.22E+00 5.66E-02

410 1.05E+01 1.16E+00 5.38E-02

415 9.99E+00 1.10E+00 5.12E-02

420 9.50E+00 1.05E+00 4.87E-02

425 9.03E+00 9.98E-01 4.63E-02

430 8.58E+00 9.49E-01 4.40E-02

435 8.16E+00 9.02E-01 4.18E-02

440 7.76E+00 8.58E-01 3.98E-02

445 7.38E+00 8.16E-01 3.78E-02

450 7.02E+00 7.76E-01 3.59E-02

455 6.67E+00 7.38E-01 3.42E-02

460 6.34E+00 7.01E-01 3.25E-02

465 6.03E+00 6.67E-01 3.09E-02

470 5.73E+00 6.34E-01 2.94E-02

475 5.45E+00 6.03E-01 2.79E-02

480 5.18E+00 5.73E-01 2.66E-02

485 4.93E+00 5.45E-01 2.53E-02

490 4.69E+00 5.18E-01 2.40E-02

495 4.46E+00 4.93E-01 2.28E-02

500 4.24E+00 4.69E-01 2.17E-02



Attachment H-3

GW-8: Sensitivity Analysis - Increase Source Removal Amount

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 78 76

Date Achieved 2038 2036

Time from 2020 (yrs) 18 16

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 1 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 2 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1.05 3 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 4 9.44E+01 3.99E+00 1.64E-01

Width (m) 100 Yield 0.161 5 6.09E+03 2.71E+02 1.14E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 6 1.68E+04 7.66E+02 3.25E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 7 2.19E+04 1.01E+03 4.29E+01

Porosity 0.25 0.85 1.03 0.85 8 2.26E+04 1.04E+03 4.45E+01

0.8 0.8 0.8 9 2.26E+04 1.04E+03 4.43E+01

Fraction Removed 0.99 Yield 0 10 2.23E+04 1.03E+03 4.38E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 11 2.20E+04 1.01E+03 4.32E+01

Remed. End (yr) 71 3.07 3.12 3.12 12 2.17E+04 9.99E+02 4.26E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 13 2.14E+04 9.85E+02 4.20E+01

3 3 3 14 2.11E+04 9.71E+02 4.14E+01

Retardation Factor 1.5 Dist. from Source 15 2.08E+04 9.58E+02 4.08E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 16 2.05E+04 9.44E+02 4.02E+01

vMin 0 17 2.02E+04 9.31E+02 3.97E+01

vMax 1.5648 Intervals Min Value Max Value 18 1.99E+04 9.18E+02 3.91E+01

#Stream Tubes 100 x-direction (m) 11 0.01 100 19 1.96E+04 9.05E+02 3.86E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 20 1.94E+04 8.93E+02 3.80E+01

alpha z (m) 0.04 z-direction 1 0 0 21 1.91E+04 8.80E+02 3.75E+01

Time (yr) 100 0 100 22 1.88E+04 8.68E+02 3.70E+01

23 1.86E+04 8.56E+02 3.65E+01

24 1.83E+04 8.44E+02 3.60E+01

25 1.81E+04 8.33E+02 3.55E+01

26 1.78E+04 8.21E+02 3.50E+01

27 1.76E+04 8.10E+02 3.45E+01

28 1.73E+04 7.99E+02 3.41E+01

29 1.71E+04 7.88E+02 3.36E+01

30 1.69E+04 7.77E+02 3.31E+01

31 1.66E+04 7.67E+02 3.27E+01

32 1.64E+04 7.56E+02 3.22E+01

33 1.62E+04 7.46E+02 3.18E+01

34 1.60E+04 7.36E+02 3.14E+01

35 1.57E+04 7.26E+02 3.09E+01

36 1.55E+04 7.16E+02 3.05E+01

37 1.53E+04 7.07E+02 3.01E+01

38 1.51E+04 6.97E+02 2.97E+01

39 1.49E+04 6.88E+02 2.93E+01

40 1.47E+04 6.79E+02 2.89E+01

41 1.45E+04 6.69E+02 2.85E+01

42 1.43E+04 6.61E+02 2.82E+01

43 1.41E+04 6.52E+02 2.78E+01

44 1.39E+04 6.43E+02 2.74E+01

45 1.38E+04 6.35E+02 2.70E+01

46 1.36E+04 6.26E+02 2.67E+01

47 1.34E+04 6.18E+02 2.63E+01

48 1.32E+04 6.10E+02 2.60E+01

49 1.30E+04 6.02E+02 2.56E+01

Tme to Achieve:*

*Increase source removal from 95% to 99%

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-3

GW-8: Sensitivity Analysis - Increase Source Removal Amount

50 1.29E+04 5.94E+02 2.53E+01

51 1.27E+04 5.86E+02 2.50E+01

52 1.25E+04 5.78E+02 2.46E+01

53 1.24E+04 5.71E+02 2.43E+01

54 1.22E+04 5.63E+02 2.40E+01

55 1.21E+04 5.56E+02 2.37E+01

56 1.19E+04 5.49E+02 2.34E+01

57 1.17E+04 5.41E+02 2.31E+01

58 1.16E+04 5.34E+02 2.28E+01

59 1.14E+04 5.27E+02 2.25E+01

60 1.13E+04 5.21E+02 2.22E+01

61 1.11E+04 5.14E+02 2.19E+01

62 1.10E+04 5.07E+02 2.16E+01

63 1.09E+04 5.01E+02 2.13E+01

64 1.07E+04 4.94E+02 2.11E+01

65 1.04E+04 4.82E+02 2.05E+01

66 9.17E+03 6.02E+02 2.40E+01

67 7.50E+03 5.81E+02 2.45E+01

68 5.89E+03 4.98E+02 2.18E+01

69 4.48E+03 3.99E+02 1.78E+01

70 3.31E+03 3.03E+02 1.37E+01

71 2.36E+03 2.19E+02 9.91E+00

72 1.61E+03 1.50E+02 6.79E+00

73 1.01E+03 9.44E+01 4.29E+00

74 5.61E+02 5.25E+01 2.39E+00

75 2.51E+02 2.37E+01 1.08E+00

76 7.97E+01 8.20E+00 3.72E-01

77 1.88E+01 2.05E+00 9.43E-02

78 4.46E+00 4.98E-01 2.32E-02

79 1.57E+00 1.76E-01 8.20E-03

80 9.70E-01 1.08E-01 5.02E-03

81 8.25E-01 9.15E-02 4.24E-03

82 7.82E-01 8.65E-02 4.01E-03

83 7.64E-01 8.45E-02 3.91E-03

84 7.53E-01 8.32E-02 3.86E-03

85 7.44E-01 8.23E-02 3.81E-03

86 7.36E-01 8.14E-02 3.77E-03

87 7.29E-01 8.06E-02 3.73E-03

88 7.21E-01 7.97E-02 3.69E-03

89 7.14E-01 7.89E-02 3.66E-03

90 7.07E-01 7.81E-02 3.62E-03

91 7.00E-01 7.74E-02 3.58E-03

92 6.93E-01 7.66E-02 3.55E-03

93 6.86E-01 7.58E-02 3.51E-03

94 6.79E-01 7.51E-02 3.48E-03

95 6.72E-01 7.43E-02 3.44E-03

96 6.65E-01 7.36E-02 3.41E-03

97 6.59E-01 7.28E-02 3.38E-03

98 6.52E-01 7.21E-02 3.34E-03

99 6.46E-01 7.14E-02 3.31E-03

100 6.39E-01 7.07E-02 3.28E-03



Attachment H-4

GW-8: Sensitivity Analysis - Decrease Source Decay Rate

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 400 80

Date Achieved 2360 2040

Time from 2020 (yrs) 340 20

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 6.10E+03 2.72E+02 1.14E+01

Mass (Kg) 34,000 75 0.12 0.2 1.12 10 2.31E+04 1.06E+03 4.53E+01

Gamma 2 time (yr): 0.1 0.31 1.05 15 2.24E+04 1.03E+03 4.40E+01

65 0.05 0.08 1 20 2.17E+04 1.00E+03 4.26E+01

Width (m) 100 Yield 0.161 25 2.10E+04 9.69E+02 4.13E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 2.04E+04 9.40E+02 4.01E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 35 1.98E+04 9.12E+02 3.89E+01

Porosity 0.25 0.85 1.03 0.85 40 1.92E+04 8.85E+02 3.77E+01

0.8 0.8 0.8 45 1.86E+04 8.59E+02 3.66E+01

Fraction Removed 0.95 Yield 0 50 1.81E+04 8.34E+02 3.56E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 1.76E+04 8.11E+02 3.45E+01

Remed. End (yr) 71 3.07 3.12 3.12 60 1.71E+04 7.88E+02 3.36E+01

Source Decay (1/yr) 0.001 3.05 3.23 3.05 65 1.64E+04 7.56E+02 3.22E+01

3 3 3 70 5.48E+03 5.01E+02 2.26E+01

Retardation Factor 1.5 Dist. from Source 75 5.50E+02 5.16E+01 2.35E+00

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 80 3.23E+01 3.56E+00 1.65E-01

vMin 0 85 3.13E+01 3.46E+00 1.60E-01

vMax 1.5648 Intervals Min Value Max Value 90 3.09E+01 3.42E+00 1.58E-01

#Stream Tubes 100 x-direction (m) 11 0.01 100 95 3.06E+01 3.38E+00 1.57E-01

alpha y (m) 0.4 y-direction (m) 1 0 0 100 3.03E+01 3.35E+00 1.55E-01

alpha z (m) 0.04 z-direction 1 0 0 105 2.99E+01 3.31E+00 1.53E-01

Time (yr) 100 0 500 110 2.96E+01 3.27E+00 1.52E-01

115 2.93E+01 3.24E+00 1.50E-01

120 2.90E+01 3.20E+00 1.48E-01

125 2.87E+01 3.17E+00 1.47E-01

130 2.84E+01 3.13E+00 1.45E-01

135 2.80E+01 3.10E+00 1.44E-01

140 2.77E+01 3.07E+00 1.42E-01

145 2.74E+01 3.03E+00 1.41E-01

150 2.72E+01 3.00E+00 1.39E-01

155 2.69E+01 2.97E+00 1.38E-01

160 2.66E+01 2.94E+00 1.36E-01

165 2.63E+01 2.91E+00 1.35E-01

170 2.60E+01 2.87E+00 1.33E-01

175 2.57E+01 2.84E+00 1.32E-01

180 2.54E+01 2.81E+00 1.30E-01

185 2.52E+01 2.78E+00 1.29E-01

190 2.49E+01 2.75E+00 1.28E-01

195 2.46E+01 2.72E+00 1.26E-01

200 2.44E+01 2.69E+00 1.25E-01

205 2.41E+01 2.66E+00 1.23E-01

210 2.38E+01 2.64E+00 1.22E-01

215 2.36E+01 2.61E+00 1.21E-01

220 2.33E+01 2.58E+00 1.20E-01

225 2.31E+01 2.55E+00 1.18E-01

230 2.28E+01 2.52E+00 1.17E-01

235 2.26E+01 2.50E+00 1.16E-01

240 2.24E+01 2.47E+00 1.14E-01

245 2.21E+01 2.44E+00 1.13E-01

Tme to Achieve:*

*Decrease source decay rate from 0.005 to 0.001/year

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-4

GW-8: Sensitivity Analysis - Decrease Source Decay Rate

250 2.19E+01 2.42E+00 1.12E-01

255 2.16E+01 2.39E+00 1.11E-01

260 2.14E+01 2.37E+00 1.10E-01

265 2.12E+01 2.34E+00 1.08E-01

270 2.10E+01 2.32E+00 1.07E-01

275 2.07E+01 2.29E+00 1.06E-01

280 2.05E+01 2.27E+00 1.05E-01

285 2.03E+01 2.24E+00 1.04E-01

290 2.01E+01 2.22E+00 1.03E-01

295 1.99E+01 2.20E+00 1.02E-01

300 1.96E+01 2.17E+00 1.01E-01

305 1.94E+01 2.15E+00 9.96E-02

310 1.92E+01 2.13E+00 9.85E-02

315 1.90E+01 2.10E+00 9.74E-02

320 1.88E+01 2.08E+00 9.64E-02

325 1.86E+01 2.06E+00 9.54E-02

330 1.84E+01 2.04E+00 9.44E-02

335 1.82E+01 2.02E+00 9.34E-02

340 1.80E+01 1.99E+00 9.24E-02

345 1.78E+01 1.97E+00 9.14E-02

350 1.77E+01 1.95E+00 9.04E-02

355 1.75E+01 1.93E+00 8.95E-02

360 1.73E+01 1.91E+00 8.85E-02

365 1.71E+01 1.89E+00 8.76E-02

370 1.69E+01 1.87E+00 8.66E-02

375 1.67E+01 1.85E+00 8.57E-02

380 1.66E+01 1.83E+00 8.48E-02

385 1.64E+01 1.81E+00 8.39E-02

390 1.62E+01 1.79E+00 8.30E-02

395 1.60E+01 1.77E+00 8.21E-02

400 1.59E+01 1.75E+00 8.13E-02

405 1.57E+01 1.74E+00 8.04E-02

410 1.55E+01 1.72E+00 7.96E-02

415 1.54E+01 1.70E+00 7.87E-02

420 1.52E+01 1.68E+00 7.79E-02

425 1.50E+01 1.66E+00 7.71E-02

430 1.49E+01 1.65E+00 7.62E-02

435 1.47E+01 1.63E+00 7.54E-02

440 1.46E+01 1.61E+00 7.46E-02

445 1.44E+01 1.59E+00 7.39E-02

450 1.43E+01 1.58E+00 7.31E-02

455 1.41E+01 1.56E+00 7.23E-02

460 1.40E+01 1.54E+00 7.15E-02

465 1.38E+01 1.53E+00 7.08E-02

470 1.37E+01 1.51E+00 7.00E-02

475 1.35E+01 1.50E+00 6.93E-02

480 1.34E+01 1.48E+00 6.86E-02

485 1.32E+01 1.46E+00 6.78E-02

490 1.31E+01 1.45E+00 6.71E-02

495 1.30E+01 1.43E+00 6.64E-02

500 1.28E+01 1.42E+00 6.57E-02



Attachment H-5

GW-8: Sensitivity Analysis - Increase Source Decay Rate

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 78 76

Date Achieved 2038 2036

Time from 2020 (yrs) 18 16

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 1 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 2 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1.05 3 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 4 9.43E+01 3.98E+00 1.64E-01

Width (m) 100 Yield 0.161 5 6.07E+03 2.70E+02 1.14E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 6 1.67E+04 7.60E+02 3.23E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 7 2.16E+04 9.92E+02 4.22E+01

Porosity 0.25 0.85 1.03 0.85 8 2.21E+04 1.02E+03 4.34E+01

0.8 0.8 0.8 9 2.18E+04 1.01E+03 4.29E+01

Fraction Removed 0.95 Yield 0 10 2.13E+04 9.84E+02 4.19E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 11 2.08E+04 9.61E+02 4.09E+01

Remed. End (yr) 71 3.07 3.12 3.12 12 2.03E+04 9.38E+02 4.00E+01

Source Decay (1/yr) 0.01 3.05 3.23 3.05 13 1.99E+04 9.16E+02 3.90E+01

3 3 3 14 1.94E+04 8.94E+02 3.81E+01

Retardation Factor 1.5 Dist. from Source 15 1.89E+04 8.73E+02 3.72E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 16 1.85E+04 8.52E+02 3.63E+01

vMin 0 17 1.80E+04 8.32E+02 3.55E+01

vMax 1.5648 Intervals Min Value Max Value 18 1.76E+04 8.13E+02 3.46E+01

#Stream Tubes 100 x-direction (m) 11 0.01 100 19 1.72E+04 7.93E+02 3.38E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 20 1.68E+04 7.75E+02 3.30E+01

alpha z (m) 0.04 z-direction 1 0 0 21 1.64E+04 7.57E+02 3.23E+01

Time (yr) 100 0 100 22 1.60E+04 7.39E+02 3.15E+01

23 1.56E+04 7.22E+02 3.08E+01

24 1.53E+04 7.05E+02 3.01E+01

25 1.49E+04 6.89E+02 2.94E+01

26 1.46E+04 6.73E+02 2.87E+01

27 1.42E+04 6.57E+02 2.80E+01

28 1.39E+04 6.42E+02 2.74E+01

29 1.36E+04 6.27E+02 2.67E+01

30 1.33E+04 6.13E+02 2.61E+01

31 1.30E+04 5.99E+02 2.55E+01

32 1.27E+04 5.85E+02 2.49E+01

33 1.24E+04 5.71E+02 2.44E+01

34 1.21E+04 5.58E+02 2.38E+01

35 1.18E+04 5.46E+02 2.33E+01

36 1.16E+04 5.33E+02 2.27E+01

37 1.13E+04 5.21E+02 2.22E+01

38 1.10E+04 5.09E+02 2.17E+01

39 1.08E+04 4.97E+02 2.12E+01

40 1.05E+04 4.86E+02 2.07E+01

41 1.03E+04 4.75E+02 2.03E+01

42 1.01E+04 4.64E+02 1.98E+01

43 9.84E+03 4.54E+02 1.93E+01

44 9.62E+03 4.44E+02 1.89E+01

45 9.40E+03 4.34E+02 1.85E+01

46 9.19E+03 4.24E+02 1.81E+01

47 8.98E+03 4.14E+02 1.77E+01

48 8.78E+03 4.05E+02 1.73E+01

49 8.59E+03 3.96E+02 1.69E+01

Tme to Achieve:*

*Increase source decay rate from 0.005 to 0.01/year

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-5

GW-8: Sensitivity Analysis - Increase Source Decay Rate

50 8.39E+03 3.87E+02 1.65E+01

51 8.21E+03 3.79E+02 1.61E+01

52 8.02E+03 3.70E+02 1.58E+01

53 7.84E+03 3.62E+02 1.54E+01

54 7.67E+03 3.54E+02 1.51E+01

55 7.50E+03 3.46E+02 1.47E+01

56 7.33E+03 3.38E+02 1.44E+01

57 7.17E+03 3.31E+02 1.41E+01

58 7.01E+03 3.23E+02 1.38E+01

59 6.86E+03 3.16E+02 1.35E+01

60 6.70E+03 3.09E+02 1.32E+01

61 6.56E+03 3.02E+02 1.29E+01

62 6.41E+03 2.96E+02 1.26E+01

63 6.27E+03 2.89E+02 1.23E+01

64 6.13E+03 2.83E+02 1.21E+01

65 5.93E+03 2.74E+02 1.17E+01

66 5.20E+03 3.41E+02 1.36E+01

67 4.28E+03 3.31E+02 1.40E+01

68 3.39E+03 2.87E+02 1.26E+01

69 2.61E+03 2.33E+02 1.04E+01

70 1.96E+03 1.79E+02 8.10E+00

71 1.43E+03 1.32E+02 6.00E+00

72 1.00E+03 9.33E+01 4.23E+00

73 6.61E+02 6.15E+01 2.79E+00

74 3.92E+02 3.66E+01 1.66E+00

75 1.97E+02 1.84E+01 8.41E-01

76 7.56E+01 7.73E+00 3.50E-01

77 2.70E+01 2.88E+00 1.32E-01

78 1.45E+01 1.58E+00 7.26E-02

79 1.17E+01 1.28E+00 5.93E-02

80 1.09E+01 1.20E+00 5.55E-02

81 1.05E+01 1.16E+00 5.37E-02

82 1.02E+01 1.13E+00 5.24E-02

83 1.00E+01 1.11E+00 5.13E-02

84 9.82E+00 1.09E+00 5.03E-02

85 9.62E+00 1.06E+00 4.93E-02

86 9.43E+00 1.04E+00 4.83E-02

87 9.24E+00 1.02E+00 4.74E-02

88 9.06E+00 1.00E+00 4.64E-02

89 8.88E+00 9.82E-01 4.55E-02

90 8.70E+00 9.62E-01 4.46E-02

91 8.53E+00 9.43E-01 4.37E-02

92 8.36E+00 9.24E-01 4.28E-02

93 8.19E+00 9.06E-01 4.20E-02

94 8.03E+00 8.88E-01 4.11E-02

95 7.87E+00 8.70E-01 4.03E-02

96 7.71E+00 8.53E-01 3.95E-02

97 7.56E+00 8.36E-01 3.87E-02

98 7.41E+00 8.19E-01 3.80E-02

99 7.26E+00 8.03E-01 3.72E-02

100 7.12E+00 7.87E-01 3.65E-02



Attachment H-6

GW-8: Sensitivity Analysis - Decrease Initial Contaminant Mass

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 82 76

Date Achieved 2042 2036

Time from 2020 (yrs) 22 16

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 17,000 75 0.12 0.2 1.12 4 9.43E+01 3.99E+00 1.64E-01

Gamma 2 time (yr): 0.1 0.31 1.05 6 1.68E+04 7.64E+02 3.24E+01

65 0.05 0.08 1 8 2.24E+04 1.03E+03 4.40E+01

Width (m) 100 Yield 0.161 10 2.19E+04 1.01E+03 4.30E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 2.11E+04 9.72E+02 4.15E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 2.03E+04 9.38E+02 4.00E+01

Porosity 0.25 0.85 1.03 0.85 16 1.96E+04 9.04E+02 3.86E+01

0.8 0.8 0.8 18 1.89E+04 8.73E+02 3.72E+01

Fraction Removed 0.95 Yield 0 20 1.83E+04 8.42E+02 3.59E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.76E+04 8.13E+02 3.46E+01

Remed. End (yr) 71 3.07 3.12 3.12 24 1.70E+04 7.85E+02 3.35E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 1.64E+04 7.58E+02 3.23E+01

3 3 3 28 1.59E+04 7.32E+02 3.12E+01

Retardation Factor 1.5 Dist. from Source 30 1.53E+04 7.08E+02 3.02E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 1.48E+04 6.84E+02 2.92E+01

vMin 0 34 1.43E+04 6.61E+02 2.82E+01

vMax 1.5648 Intervals Min Value Max Value 36 1.39E+04 6.39E+02 2.73E+01

#Stream Tubes 100 x-direction (m) 11 0.01 100 38 1.34E+04 6.18E+02 2.64E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 1.30E+04 5.98E+02 2.55E+01

alpha z (m) 0.04 z-direction 1 0 0 42 1.26E+04 5.79E+02 2.47E+01

Time (yr) 100 0 200 44 1.21E+04 5.60E+02 2.39E+01

46 1.18E+04 5.42E+02 2.31E+01

48 1.14E+04 5.25E+02 2.24E+01

50 1.10E+04 5.09E+02 2.17E+01

52 1.07E+04 4.93E+02 2.10E+01

54 1.03E+04 4.77E+02 2.03E+01

56 1.00E+04 4.62E+02 1.97E+01

58 9.72E+03 4.48E+02 1.91E+01

60 9.42E+03 4.34E+02 1.85E+01

62 9.13E+03 4.21E+02 1.79E+01

64 8.85E+03 4.08E+02 1.74E+01

66 7.58E+03 4.98E+02 1.98E+01

68 4.95E+03 4.19E+02 1.83E+01

70 2.86E+03 2.62E+02 1.18E+01

72 1.47E+03 1.36E+02 6.18E+00

74 5.72E+02 5.34E+01 2.43E+00

76 1.10E+02 1.13E+01 5.11E-01

78 2.14E+01 2.33E+00 1.07E-01

80 1.64E+01 1.81E+00 8.38E-02

82 1.58E+01 1.74E+00 8.07E-02

84 1.54E+01 1.70E+00 7.90E-02

86 1.51E+01 1.67E+00 7.74E-02

88 1.48E+01 1.64E+00 7.58E-02

90 1.45E+01 1.60E+00 7.43E-02

92 1.42E+01 1.57E+00 7.28E-02

94 1.39E+01 1.54E+00 7.13E-02

96 1.36E+01 1.51E+00 6.98E-02

98 1.34E+01 1.48E+00 6.84E-02

Tme to Achieve:*

*Decrease initial contaminant mass from 34,000 kg to 

17,000 kg

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-6

GW-8: Sensitivity Analysis - Decrease Initial Contaminant Mass

100 1.31E+01 1.45E+00 6.70E-02

102 1.28E+01 1.42E+00 6.57E-02

104 1.26E+01 1.39E+00 6.43E-02

106 1.23E+01 1.36E+00 6.30E-02

108 1.21E+01 1.33E+00 6.18E-02

110 1.18E+01 1.31E+00 6.05E-02

112 1.16E+01 1.28E+00 5.93E-02

114 1.13E+01 1.25E+00 5.81E-02

116 1.11E+01 1.23E+00 5.69E-02

118 1.09E+01 1.20E+00 5.58E-02

120 1.07E+01 1.18E+00 5.46E-02

122 1.04E+01 1.16E+00 5.35E-02

124 1.02E+01 1.13E+00 5.24E-02

126 1.00E+01 1.11E+00 5.14E-02

128 9.83E+00 1.09E+00 5.03E-02

130 9.63E+00 1.06E+00 4.93E-02

132 9.43E+00 1.04E+00 4.83E-02

134 9.24E+00 1.02E+00 4.74E-02

136 9.06E+00 1.00E+00 4.64E-02

138 8.87E+00 9.81E-01 4.55E-02

140 8.70E+00 9.61E-01 4.45E-02

142 8.52E+00 9.42E-01 4.37E-02

144 8.35E+00 9.23E-01 4.28E-02

146 8.18E+00 9.04E-01 4.19E-02

148 8.02E+00 8.86E-01 4.11E-02

150 7.85E+00 8.68E-01 4.02E-02

152 7.70E+00 8.51E-01 3.94E-02

154 7.54E+00 8.34E-01 3.86E-02

156 7.39E+00 8.17E-01 3.79E-02

158 7.24E+00 8.00E-01 3.71E-02

160 7.09E+00 7.84E-01 3.63E-02

162 6.95E+00 7.69E-01 3.56E-02

164 6.81E+00 7.53E-01 3.49E-02

166 6.67E+00 7.38E-01 3.42E-02

168 6.54E+00 7.23E-01 3.35E-02

170 6.41E+00 7.08E-01 3.28E-02

172 6.28E+00 6.94E-01 3.22E-02

174 6.15E+00 6.80E-01 3.15E-02

176 6.03E+00 6.67E-01 3.09E-02

178 5.91E+00 6.53E-01 3.03E-02

180 5.79E+00 6.40E-01 2.97E-02

182 5.67E+00 6.27E-01 2.91E-02

184 5.56E+00 6.15E-01 2.85E-02

186 5.45E+00 6.02E-01 2.79E-02

188 5.34E+00 5.90E-01 2.73E-02

190 5.23E+00 5.78E-01 2.68E-02

192 5.12E+00 5.67E-01 2.63E-02

194 5.02E+00 5.55E-01 2.57E-02

196 4.92E+00 5.44E-01 2.52E-02

198 4.82E+00 5.33E-01 2.47E-02

200 4.73E+00 5.22E-01 2.42E-02



Attachment H-7

GW-8: Sensitivity Analysis - Decrease Initial Contaminant Mass

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 77 75

Date Achieved 2037 2035

Time from 2020 (yrs) 17 15

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 1 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 3,000 75 0.12 0.2 1.12 2 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1.05 3 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 4 9.39E+01 3.97E+00 1.63E-01

Width (m) 100 Yield 0.161 5 6.00E+03 2.67E+02 1.13E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 6 1.62E+04 7.40E+02 3.14E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 7 2.05E+04 9.42E+02 4.01E+01

Porosity 0.25 0.85 1.03 0.85 8 2.04E+04 9.40E+02 4.01E+01

0.8 0.8 0.8 9 1.95E+04 9.00E+02 3.84E+01

Fraction Removed 0.95 Yield 0 10 1.85E+04 8.54E+02 3.64E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 11 1.76E+04 8.10E+02 3.45E+01

Remed. End (yr) 71 3.07 3.12 3.12 12 1.67E+04 7.69E+02 3.28E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 13 1.58E+04 7.30E+02 3.11E+01

3 3 3 14 1.51E+04 6.95E+02 2.96E+01

Retardation Factor 1.5 Dist. from Source 15 1.43E+04 6.61E+02 2.82E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 16 1.37E+04 6.30E+02 2.69E+01

vMin 0 17 1.30E+04 6.01E+02 2.56E+01

vMax 1.5648 Intervals Min Value Max Value 18 1.24E+04 5.74E+02 2.45E+01

#Stream Tubes 100 x-direction (m) 11 0.01 100 19 1.19E+04 5.48E+02 2.34E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 20 1.14E+04 5.24E+02 2.23E+01

alpha z (m) 0.04 z-direction 1 0 0 21 1.09E+04 5.01E+02 2.14E+01

Time (yr) 100 0 100 22 1.04E+04 4.80E+02 2.05E+01

23 9.97E+03 4.60E+02 1.96E+01

24 9.56E+03 4.41E+02 1.88E+01

25 9.17E+03 4.23E+02 1.80E+01

26 8.80E+03 4.06E+02 1.73E+01

27 8.46E+03 3.90E+02 1.66E+01

28 8.13E+03 3.75E+02 1.60E+01

29 7.82E+03 3.61E+02 1.54E+01

30 7.53E+03 3.47E+02 1.48E+01

31 7.25E+03 3.34E+02 1.43E+01

32 6.98E+03 3.22E+02 1.37E+01

33 6.73E+03 3.10E+02 1.32E+01

34 6.49E+03 2.99E+02 1.28E+01

35 6.26E+03 2.89E+02 1.23E+01

36 6.04E+03 2.79E+02 1.19E+01

37 5.84E+03 2.69E+02 1.15E+01

38 5.64E+03 2.60E+02 1.11E+01

39 5.45E+03 2.51E+02 1.07E+01

40 5.27E+03 2.43E+02 1.04E+01

41 5.10E+03 2.35E+02 1.00E+01

42 4.93E+03 2.27E+02 9.70E+00

43 4.77E+03 2.20E+02 9.39E+00

44 4.62E+03 2.13E+02 9.09E+00

45 4.48E+03 2.07E+02 8.80E+00

46 4.34E+03 2.00E+02 8.53E+00

47 4.20E+03 1.94E+02 8.27E+00

48 4.08E+03 1.88E+02 8.02E+00

49 3.95E+03 1.82E+02 7.78E+00

Tme to Achieve:*

*Decrease initial contaminant mass from 34,000 kg to 

3,000 kg

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-7

GW-8: Sensitivity Analysis - Decrease Initial Contaminant Mass

50 3.84E+03 1.77E+02 7.55E+00

51 3.72E+03 1.72E+02 7.32E+00

52 3.62E+03 1.67E+02 7.11E+00

53 3.51E+03 1.62E+02 6.90E+00

54 3.41E+03 1.57E+02 6.71E+00

55 3.31E+03 1.53E+02 6.52E+00

56 3.22E+03 1.49E+02 6.33E+00

57 3.13E+03 1.44E+02 6.16E+00

58 3.04E+03 1.40E+02 5.99E+00

59 2.96E+03 1.37E+02 5.82E+00

60 2.88E+03 1.33E+02 5.66E+00

61 2.80E+03 1.29E+02 5.51E+00

62 2.73E+03 1.26E+02 5.37E+00

63 2.66E+03 1.23E+02 5.22E+00

64 2.59E+03 1.19E+02 5.09E+00

65 2.49E+03 1.15E+02 4.90E+00

66 2.18E+03 1.43E+02 5.71E+00

67 1.79E+03 1.39E+02 5.87E+00

68 1.42E+03 1.20E+02 5.27E+00

69 1.10E+03 9.75E+01 4.35E+00

70 8.21E+02 7.51E+01 3.39E+00

71 5.99E+02 5.54E+01 2.51E+00

72 4.21E+02 3.91E+01 1.77E+00

73 2.77E+02 2.58E+01 1.17E+00

74 1.64E+02 1.53E+01 6.97E-01

75 8.24E+01 7.73E+00 3.52E-01

76 3.17E+01 3.24E+00 1.47E-01

77 1.13E+01 1.21E+00 5.55E-02

78 6.15E+00 6.67E-01 3.07E-02

79 5.02E+00 5.49E-01 2.54E-02

80 4.70E+00 5.19E-01 2.40E-02

81 4.58E+00 5.06E-01 2.34E-02

82 4.51E+00 4.99E-01 2.31E-02

83 4.46E+00 4.93E-01 2.28E-02

84 4.41E+00 4.87E-01 2.26E-02

85 4.36E+00 4.82E-01 2.23E-02

86 4.31E+00 4.77E-01 2.21E-02

87 4.27E+00 4.72E-01 2.19E-02

88 4.22E+00 4.67E-01 2.16E-02

89 4.18E+00 4.62E-01 2.14E-02

90 4.13E+00 4.57E-01 2.12E-02

91 4.09E+00 4.52E-01 2.09E-02

92 4.04E+00 4.47E-01 2.07E-02

93 4.00E+00 4.42E-01 2.05E-02

94 3.96E+00 4.38E-01 2.03E-02

95 3.91E+00 4.33E-01 2.01E-02

96 3.87E+00 4.28E-01 1.98E-02

97 3.83E+00 4.24E-01 1.96E-02

98 3.79E+00 4.19E-01 1.94E-02

99 3.75E+00 4.15E-01 1.92E-02

100 3.71E+00 4.10E-01 1.90E-02



Attachment H-8

GW-8: Sensitivity Analysis - Decrease Gamma Value

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 320 80

Date Achieved 2280 2040

Time from 2020 (yrs) 260 20

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 5 6.09E+03 2.72E+02 1.14E+01

Mass (Kg) 34,000 75 0.12 0.2 1.12 10 2.26E+04 1.04E+03 4.45E+01

Gamma 1.5 time (yr): 0.1 0.31 1.05 15 2.15E+04 9.90E+02 4.22E+01

65 0.05 0.08 1 20 2.03E+04 9.38E+02 4.00E+01

Width (m) 100 Yield 0.161 25 1.93E+04 8.90E+02 3.79E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 30 1.83E+04 8.44E+02 3.60E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 35 1.74E+04 8.01E+02 3.41E+01

Porosity 0.25 0.85 1.03 0.85 40 1.65E+04 7.60E+02 3.24E+01

0.8 0.8 0.8 45 1.56E+04 7.22E+02 3.08E+01

Fraction Removed 0.95 Yield 0 50 1.49E+04 6.85E+02 2.92E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 55 1.41E+04 6.51E+02 2.77E+01

Remed. End (yr) 71 3.07 3.12 3.12 60 1.34E+04 6.18E+02 2.64E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 65 1.26E+04 5.82E+02 2.48E+01

3 3 3 70 5.28E+03 4.83E+02 2.18E+01

Retardation Factor 1.5 Dist. from Source 75 8.94E+02 8.35E+01 3.80E+00

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 80 1.08E+02 1.19E+01 5.49E-01

vMin 0 85 1.02E+02 1.13E+01 5.22E-01

vMax 1.5648 Intervals Min Value Max Value 90 9.78E+01 1.08E+01 5.01E-01

#Stream Tubes 100 x-direction (m) 11 0.01 100 95 9.40E+01 1.04E+01 4.81E-01

alpha y (m) 0.4 y-direction (m) 1 0 0 100 9.02E+01 9.98E+00 4.62E-01

alpha z (m) 0.04 z-direction 1 0 0 105 8.67E+01 9.58E+00 4.44E-01

Time (yr) 100 0 500 110 8.33E+01 9.21E+00 4.27E-01

115 8.00E+01 8.84E+00 4.10E-01

120 7.68E+01 8.49E+00 3.94E-01

125 7.38E+01 8.16E+00 3.78E-01

130 7.09E+01 7.84E+00 3.63E-01

135 6.81E+01 7.53E+00 3.49E-01

140 6.54E+01 7.24E+00 3.35E-01

145 6.29E+01 6.95E+00 3.22E-01

150 6.04E+01 6.68E+00 3.09E-01

155 5.80E+01 6.42E+00 2.97E-01

160 5.58E+01 6.17E+00 2.86E-01

165 5.36E+01 5.93E+00 2.75E-01

170 5.15E+01 5.69E+00 2.64E-01

175 4.95E+01 5.47E+00 2.54E-01

180 4.76E+01 5.26E+00 2.44E-01

185 4.57E+01 5.05E+00 2.34E-01

190 4.39E+01 4.86E+00 2.25E-01

195 4.22E+01 4.67E+00 2.16E-01

200 4.06E+01 4.49E+00 2.08E-01

205 3.90E+01 4.31E+00 2.00E-01

210 3.75E+01 4.14E+00 1.92E-01

215 3.60E+01 3.98E+00 1.85E-01

220 3.46E+01 3.83E+00 1.77E-01

225 3.33E+01 3.68E+00 1.71E-01

230 3.20E+01 3.54E+00 1.64E-01

235 3.08E+01 3.40E+00 1.58E-01

240 2.96E+01 3.27E+00 1.51E-01

245 2.84E+01 3.14E+00 1.46E-01

Tme to Achieve:*

*Decrease gamma from 2 to 1.5

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-8

GW-8: Sensitivity Analysis - Decrease Gamma Value

250 2.73E+01 3.02E+00 1.40E-01

255 2.63E+01 2.91E+00 1.35E-01

260 2.53E+01 2.79E+00 1.29E-01

265 2.43E+01 2.69E+00 1.24E-01

270 2.34E+01 2.58E+00 1.20E-01

275 2.25E+01 2.48E+00 1.15E-01

280 2.16E+01 2.39E+00 1.11E-01

285 2.08E+01 2.29E+00 1.06E-01

290 2.00E+01 2.21E+00 1.02E-01

295 1.92E+01 2.12E+00 9.83E-02

300 1.85E+01 2.04E+00 9.45E-02

305 1.77E+01 1.96E+00 9.09E-02

310 1.71E+01 1.89E+00 8.74E-02

315 1.64E+01 1.81E+00 8.41E-02

320 1.58E+01 1.74E+00 8.08E-02

325 1.52E+01 1.68E+00 7.78E-02

330 1.46E+01 1.61E+00 7.48E-02

335 1.40E+01 1.55E+00 7.19E-02

340 1.35E+01 1.49E+00 6.92E-02

345 1.30E+01 1.44E+00 6.65E-02

350 1.25E+01 1.38E+00 6.40E-02

355 1.20E+01 1.33E+00 6.15E-02

360 1.16E+01 1.28E+00 5.92E-02

365 1.11E+01 1.23E+00 5.69E-02

370 1.07E+01 1.18E+00 5.48E-02

375 1.03E+01 1.14E+00 5.27E-02

380 9.89E+00 1.09E+00 5.07E-02

385 9.51E+00 1.05E+00 4.87E-02

390 9.15E+00 1.01E+00 4.69E-02

395 8.80E+00 9.73E-01 4.51E-02

400 8.47E+00 9.36E-01 4.34E-02

405 8.15E+00 9.01E-01 4.17E-02

410 7.84E+00 8.66E-01 4.01E-02

415 7.54E+00 8.33E-01 3.86E-02

420 7.25E+00 8.02E-01 3.71E-02

425 6.98E+00 7.71E-01 3.57E-02

430 6.71E+00 7.42E-01 3.44E-02

435 6.46E+00 7.14E-01 3.31E-02

440 6.21E+00 6.87E-01 3.18E-02

445 5.98E+00 6.61E-01 3.06E-02

450 5.75E+00 6.36E-01 2.95E-02

455 5.53E+00 6.12E-01 2.83E-02

460 5.32E+00 5.88E-01 2.73E-02

465 5.12E+00 5.66E-01 2.62E-02

470 4.93E+00 5.45E-01 2.52E-02

475 4.74E+00 5.24E-01 2.43E-02

480 4.56E+00 5.04E-01 2.34E-02

485 4.39E+00 4.85E-01 2.25E-02

490 4.22E+00 4.67E-01 2.16E-02

495 4.06E+00 4.49E-01 2.08E-02

500 3.91E+00 4.32E-01 2.00E-02



Attachment H-9

GW-8: Sensitivity Analysis - Decrease Gamma Value

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 580 260

Date Achieved 2540 2220

Time from 2020 (yrs) 520 200

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 10 2.30E+04 1.06E+03 4.52E+01

Mass (Kg) 34,000 75 0.12 0.2 1.12 20 2.14E+04 9.86E+02 4.20E+01

Gamma 1 time (yr): 0.1 0.31 1.05 30 1.99E+04 9.17E+02 3.91E+01

65 0.05 0.08 1 40 1.85E+04 8.52E+02 3.63E+01

Width (m) 100 Yield 0.161 50 1.72E+04 7.93E+02 3.38E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 60 1.60E+04 7.37E+02 3.14E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 70 8.04E+03 7.35E+02 3.32E+01

Porosity 0.25 0.85 1.03 0.85 80 5.66E+02 6.24E+01 2.89E+00

0.8 0.8 0.8 90 5.21E+02 5.76E+01 2.67E+00

Fraction Removed 0.95 Yield 0 100 4.85E+02 5.36E+01 2.48E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 110 4.51E+02 4.99E+01 2.31E+00

Remed. End (yr) 71 3.07 3.12 3.12 120 4.20E+02 4.64E+01 2.15E+00

Source Decay (1/yr) 0.005 3.05 3.23 3.05 130 3.91E+02 4.32E+01 2.00E+00

3 3 3 140 3.64E+02 4.02E+01 1.86E+00

Retardation Factor 1.5 Dist. from Source 150 3.38E+02 3.74E+01 1.73E+00

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 160 3.15E+02 3.48E+01 1.61E+00

vMin 0 170 2.93E+02 3.24E+01 1.50E+00

vMax 1.5648 Intervals Min Value Max Value 180 2.73E+02 3.02E+01 1.40E+00

#Stream Tubes 100 x-direction (m) 11 0.01 100 190 2.54E+02 2.81E+01 1.30E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 200 2.36E+02 2.61E+01 1.21E+00

alpha z (m) 0.04 z-direction 1 0 0 210 2.20E+02 2.43E+01 1.13E+00

Time (yr) 100 0 1000 220 2.05E+02 2.26E+01 1.05E+00

230 1.91E+02 2.11E+01 9.76E-01

240 1.77E+02 1.96E+01 9.08E-01

250 1.65E+02 1.82E+01 8.45E-01

260 1.54E+02 1.70E+01 7.87E-01

270 1.43E+02 1.58E+01 7.33E-01

280 1.33E+02 1.47E+01 6.82E-01

290 1.24E+02 1.37E+01 6.35E-01

300 1.15E+02 1.28E+01 5.91E-01

310 1.07E+02 1.19E+01 5.50E-01

320 9.99E+01 1.10E+01 5.12E-01

330 9.30E+01 1.03E+01 4.77E-01

340 8.66E+01 9.58E+00 4.44E-01

350 8.06E+01 8.91E+00 4.13E-01

360 7.51E+01 8.30E+00 3.85E-01

370 6.99E+01 7.73E+00 3.58E-01

380 6.51E+01 7.19E+00 3.33E-01

390 6.06E+01 6.70E+00 3.10E-01

400 5.64E+01 6.23E+00 2.89E-01

410 5.25E+01 5.80E+00 2.69E-01

420 4.89E+01 5.40E+00 2.50E-01

430 4.55E+01 5.03E+00 2.33E-01

440 4.24E+01 4.68E+00 2.17E-01

450 3.95E+01 4.36E+00 2.02E-01

460 3.67E+01 4.06E+00 1.88E-01

470 3.42E+01 3.78E+00 1.75E-01

480 3.18E+01 3.52E+00 1.63E-01

490 2.97E+01 3.28E+00 1.52E-01

Tme to Achieve:*

*Decrease gamma from 2 to 1

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-9

GW-8: Sensitivity Analysis - Decrease Gamma Value

500 2.76E+01 3.05E+00 1.41E-01

510 2.57E+01 2.84E+00 1.32E-01

520 2.39E+01 2.65E+00 1.23E-01

530 2.23E+01 2.46E+00 1.14E-01

540 2.08E+01 2.30E+00 1.06E-01

550 1.93E+01 2.14E+00 9.90E-02

560 1.80E+01 1.99E+00 9.22E-02

570 1.68E+01 1.85E+00 8.59E-02

580 1.56E+01 1.73E+00 8.00E-02

590 1.45E+01 1.61E+00 7.45E-02

600 1.35E+01 1.50E+00 6.94E-02

610 1.26E+01 1.39E+00 6.46E-02

620 1.17E+01 1.30E+00 6.02E-02

630 1.09E+01 1.21E+00 5.60E-02

640 1.02E+01 1.13E+00 5.22E-02

650 9.49E+00 1.05E+00 4.86E-02

660 8.83E+00 9.77E-01 4.53E-02

670 8.23E+00 9.10E-01 4.22E-02

680 7.66E+00 8.47E-01 3.93E-02

690 7.14E+00 7.89E-01 3.66E-02

700 6.65E+00 7.35E-01 3.41E-02

710 6.19E+00 6.85E-01 3.17E-02

720 5.77E+00 6.38E-01 2.95E-02

730 5.37E+00 5.94E-01 2.75E-02

740 5.00E+00 5.53E-01 2.56E-02

750 4.66E+00 5.15E-01 2.39E-02

760 4.34E+00 4.80E-01 2.22E-02

770 4.04E+00 4.47E-01 2.07E-02

780 3.77E+00 4.17E-01 1.93E-02

790 3.51E+00 3.88E-01 1.80E-02

800 3.27E+00 3.61E-01 1.67E-02

810 3.05E+00 3.37E-01 1.56E-02

820 2.84E+00 3.14E-01 1.45E-02

830 2.64E+00 2.92E-01 1.35E-02

840 2.46E+00 2.72E-01 1.26E-02

850 2.29E+00 2.54E-01 1.18E-02

860 2.14E+00 2.36E-01 1.09E-02

870 1.99E+00 2.20E-01 1.02E-02

880 1.86E+00 2.05E-01 9.50E-03

890 1.73E+00 1.91E-01 8.85E-03

900 1.61E+00 1.78E-01 8.25E-03

910 1.50E+00 1.66E-01 7.69E-03

920 1.40E+00 1.55E-01 7.16E-03

930 1.30E+00 1.44E-01 6.67E-03

940 1.21E+00 1.34E-01 6.22E-03

950 1.13E+00 1.25E-01 5.79E-03

960 1.05E+00 1.16E-01 5.40E-03

970 9.82E-01 1.09E-01 5.03E-03

980 9.15E-01 1.01E-01 4.69E-03

990 8.52E-01 9.42E-02 4.37E-03

1000 7.94E-01 8.78E-02 4.07E-03



Attachment H-10

GW-8: Sensitivity Analysis - Increase Source Width

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 96 76

Date Achieved 2056 2036

Time from 2020 (yrs) 36 16

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 9.44E+01 3.99E+00 1.64E-01

Gamma 2 time (yr): 0.1 0.31 1.05 6 1.68E+04 7.66E+02 3.25E+01

65 0.05 0.08 1 8 2.26E+04 1.04E+03 4.44E+01

Width (m) 120 Yield 0.161 10 2.22E+04 1.02E+03 4.36E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 2.15E+04 9.94E+02 4.24E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 2.09E+04 9.64E+02 4.11E+01

Porosity 0.25 0.85 1.03 0.85 16 2.03E+04 9.36E+02 3.99E+01

0.8 0.8 0.8 18 1.97E+04 9.09E+02 3.87E+01

Fraction Removed 0.95 Yield 0 20 1.91E+04 8.82E+02 3.76E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.86E+04 8.57E+02 3.65E+01

Remed. End (yr) 71 3.07 3.12 3.12 24 1.80E+04 8.32E+02 3.55E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 1.75E+04 8.08E+02 3.44E+01

3 3 3 28 1.70E+04 7.85E+02 3.35E+01

Retardation Factor 1.5 Dist. from Source 30 1.65E+04 7.63E+02 3.25E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 1.61E+04 7.41E+02 3.16E+01

vMin 0 34 1.56E+04 7.20E+02 3.07E+01

vMax 1.5648 Intervals Min Value Max Value 36 1.52E+04 7.00E+02 2.98E+01

#Stream Tubes 100 x-direction (m) 11 0.01 100 38 1.47E+04 6.80E+02 2.90E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 1.43E+04 6.61E+02 2.82E+01

alpha z (m) 0.04 z-direction 1 0 0 42 1.39E+04 6.43E+02 2.74E+01

Time (yr) 100 0 200 44 1.36E+04 6.25E+02 2.66E+01

46 1.32E+04 6.08E+02 2.59E+01

48 1.28E+04 5.91E+02 2.52E+01

50 1.25E+04 5.75E+02 2.45E+01

52 1.21E+04 5.59E+02 2.38E+01

54 1.18E+04 5.44E+02 2.32E+01

56 1.15E+04 5.30E+02 2.26E+01

58 1.12E+04 5.15E+02 2.20E+01

60 1.09E+04 5.01E+02 2.14E+01

62 1.06E+04 4.88E+02 2.08E+01

64 1.03E+04 4.75E+02 2.02E+01

66 8.85E+03 5.81E+02 2.31E+01

68 5.78E+03 4.89E+02 2.14E+01

70 3.34E+03 3.05E+02 1.38E+01

72 1.71E+03 1.59E+02 7.21E+00

74 6.68E+02 6.23E+01 2.83E+00

76 1.29E+02 1.32E+01 5.96E-01

78 2.50E+01 2.72E+00 1.25E-01

80 1.92E+01 2.11E+00 9.78E-02

82 1.84E+01 2.03E+00 9.43E-02

84 1.80E+01 1.99E+00 9.22E-02

86 1.76E+01 1.95E+00 9.04E-02

88 1.73E+01 1.91E+00 8.85E-02

90 1.69E+01 1.87E+00 8.68E-02

92 1.66E+01 1.83E+00 8.50E-02

94 1.63E+01 1.80E+00 8.33E-02

96 1.59E+01 1.76E+00 8.16E-02

98 1.56E+01 1.73E+00 8.00E-02

Tme to Achieve:*

*Increase source width from 100 m to 120 m

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-10

GW-8: Sensitivity Analysis - Increase Source Width

100 1.53E+01 1.69E+00 7.84E-02

102 1.50E+01 1.66E+00 7.68E-02

104 1.47E+01 1.62E+00 7.53E-02

106 1.44E+01 1.59E+00 7.37E-02

108 1.41E+01 1.56E+00 7.23E-02

110 1.38E+01 1.53E+00 7.08E-02

112 1.35E+01 1.50E+00 6.94E-02

114 1.33E+01 1.47E+00 6.80E-02

116 1.30E+01 1.44E+00 6.66E-02

118 1.27E+01 1.41E+00 6.53E-02

120 1.25E+01 1.38E+00 6.40E-02

122 1.22E+01 1.35E+00 6.27E-02

124 1.20E+01 1.33E+00 6.14E-02

126 1.18E+01 1.30E+00 6.02E-02

128 1.15E+01 1.27E+00 5.90E-02

130 1.13E+01 1.25E+00 5.78E-02

132 1.11E+01 1.22E+00 5.67E-02

134 1.08E+01 1.20E+00 5.55E-02

136 1.06E+01 1.17E+00 5.44E-02

138 1.04E+01 1.15E+00 5.33E-02

140 1.02E+01 1.13E+00 5.22E-02

142 9.99E+00 1.11E+00 5.12E-02

144 9.79E+00 1.08E+00 5.02E-02

146 9.60E+00 1.06E+00 4.92E-02

148 9.41E+00 1.04E+00 4.82E-02

150 9.22E+00 1.02E+00 4.72E-02

152 9.03E+00 9.99E-01 4.63E-02

154 8.85E+00 9.79E-01 4.53E-02

156 8.67E+00 9.59E-01 4.44E-02

158 8.50E+00 9.40E-01 4.35E-02

160 8.33E+00 9.21E-01 4.27E-02

162 8.16E+00 9.03E-01 4.18E-02

164 8.00E+00 8.85E-01 4.10E-02

166 7.84E+00 8.67E-01 4.02E-02

168 7.68E+00 8.49E-01 3.94E-02

170 7.53E+00 8.32E-01 3.86E-02

172 7.38E+00 8.16E-01 3.78E-02

174 7.23E+00 7.99E-01 3.70E-02

176 7.09E+00 7.84E-01 3.63E-02

178 6.94E+00 7.68E-01 3.56E-02

180 6.81E+00 7.52E-01 3.49E-02

182 6.67E+00 7.37E-01 3.42E-02

184 6.54E+00 7.23E-01 3.35E-02

186 6.41E+00 7.08E-01 3.28E-02

188 6.28E+00 6.94E-01 3.22E-02

190 6.15E+00 6.80E-01 3.15E-02

192 6.03E+00 6.67E-01 3.09E-02

194 5.91E+00 6.53E-01 3.03E-02

196 5.79E+00 6.40E-01 2.97E-02

198 5.67E+00 6.27E-01 2.91E-02

200 5.56E+00 6.15E-01 2.85E-02



Attachment H-11

GW-8: Sensitivity Analysis - Decrease Source Width

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 110 76

Date Achieved 2070 2036

Time from 2020 (yrs) 50 16

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 9.39E+01 3.97E+00 1.63E-01

Gamma 2 time (yr): 0.1 0.31 1.05 6 1.68E+04 7.64E+02 3.24E+01

65 0.05 0.08 1 8 2.26E+04 1.04E+03 4.45E+01

Width (m) 50 Yield 0.161 10 2.24E+04 1.03E+03 4.40E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 2.18E+04 1.01E+03 4.29E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 2.13E+04 9.83E+02 4.19E+01

Porosity 0.25 0.85 1.03 0.85 16 2.08E+04 9.60E+02 4.09E+01

0.8 0.8 0.8 18 2.03E+04 9.37E+02 3.99E+01

Fraction Removed 0.95 Yield 0 20 1.98E+04 9.15E+02 3.90E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.94E+04 8.93E+02 3.81E+01

Remed. End (yr) 71 3.07 3.12 3.12 24 1.89E+04 8.72E+02 3.72E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 1.85E+04 8.51E+02 3.63E+01

3 3 3 28 1.80E+04 8.31E+02 3.54E+01

Retardation Factor 1.5 Dist. from Source 30 1.76E+04 8.12E+02 3.46E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 1.72E+04 7.93E+02 3.38E+01

vMin 0 34 1.68E+04 7.74E+02 3.30E+01

vMax 1.5648 Intervals Min Value Max Value 36 1.64E+04 7.56E+02 3.22E+01

#Stream Tubes 100 x-direction (m) 11 0.01 100 38 1.60E+04 7.38E+02 3.15E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 1.56E+04 7.21E+02 3.07E+01

alpha z (m) 0.04 z-direction 1 0 0 42 1.53E+04 7.04E+02 3.00E+01

Time (yr) 100 0 200 44 1.49E+04 6.88E+02 2.93E+01

46 1.46E+04 6.72E+02 2.86E+01

48 1.42E+04 6.56E+02 2.80E+01

50 1.39E+04 6.41E+02 2.73E+01

52 1.36E+04 6.26E+02 2.67E+01

54 1.33E+04 6.12E+02 2.61E+01

56 1.30E+04 5.98E+02 2.55E+01

58 1.27E+04 5.84E+02 2.49E+01

60 1.24E+04 5.71E+02 2.43E+01

62 1.21E+04 5.58E+02 2.38E+01

64 1.18E+04 5.45E+02 2.32E+01

66 1.02E+04 6.68E+02 2.66E+01

68 6.65E+03 5.63E+02 2.46E+01

70 3.84E+03 3.52E+02 1.59E+01

72 1.97E+03 1.83E+02 8.30E+00

74 7.68E+02 7.17E+01 3.26E+00

76 1.48E+02 1.52E+01 6.86E-01

78 2.88E+01 3.13E+00 1.44E-01

80 2.21E+01 2.43E+00 1.13E-01

82 2.12E+01 2.34E+00 1.09E-01

84 2.07E+01 2.29E+00 1.06E-01

86 2.03E+01 2.25E+00 1.04E-01

88 1.99E+01 2.20E+00 1.02E-01

90 1.95E+01 2.16E+00 1.00E-01

92 1.91E+01 2.11E+00 9.80E-02

94 1.87E+01 2.07E+00 9.60E-02

96 1.84E+01 2.03E+00 9.41E-02

98 1.80E+01 1.99E+00 9.22E-02

Tme to Achieve:*

*Decrease source width from 100 m to 50 m

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-11

GW-8: Sensitivity Analysis - Decrease Source Width

100 1.76E+01 1.95E+00 9.04E-02

102 1.73E+01 1.91E+00 8.86E-02

104 1.69E+01 1.87E+00 8.68E-02

106 1.66E+01 1.84E+00 8.51E-02

108 1.63E+01 1.80E+00 8.34E-02

110 1.60E+01 1.76E+00 8.17E-02

112 1.56E+01 1.73E+00 8.01E-02

114 1.53E+01 1.69E+00 7.85E-02

116 1.50E+01 1.66E+00 7.69E-02

118 1.47E+01 1.63E+00 7.54E-02

120 1.44E+01 1.59E+00 7.39E-02

122 1.41E+01 1.56E+00 7.24E-02

124 1.39E+01 1.53E+00 7.10E-02

126 1.36E+01 1.50E+00 6.96E-02

128 1.33E+01 1.47E+00 6.82E-02

130 1.30E+01 1.44E+00 6.68E-02

132 1.28E+01 1.41E+00 6.55E-02

134 1.25E+01 1.39E+00 6.42E-02

136 1.23E+01 1.36E+00 6.29E-02

138 1.20E+01 1.33E+00 6.17E-02

140 1.18E+01 1.30E+00 6.04E-02

142 1.16E+01 1.28E+00 5.92E-02

144 1.13E+01 1.25E+00 5.81E-02

146 1.11E+01 1.23E+00 5.69E-02

148 1.09E+01 1.20E+00 5.58E-02

150 1.07E+01 1.18E+00 5.47E-02

152 1.05E+01 1.16E+00 5.36E-02

154 1.02E+01 1.13E+00 5.25E-02

156 1.00E+01 1.11E+00 5.15E-02

158 9.84E+00 1.09E+00 5.04E-02

160 9.65E+00 1.07E+00 4.94E-02

162 9.46E+00 1.05E+00 4.84E-02

164 9.27E+00 1.02E+00 4.75E-02

166 9.08E+00 1.00E+00 4.65E-02

168 8.90E+00 9.84E-01 4.56E-02

170 8.73E+00 9.65E-01 4.47E-02

172 8.55E+00 9.46E-01 4.38E-02

174 8.38E+00 9.27E-01 4.29E-02

176 8.22E+00 9.08E-01 4.21E-02

178 8.05E+00 8.90E-01 4.12E-02

180 7.89E+00 8.73E-01 4.04E-02

182 7.73E+00 8.55E-01 3.96E-02

184 7.58E+00 8.38E-01 3.88E-02

186 7.43E+00 8.21E-01 3.81E-02

188 7.28E+00 8.05E-01 3.73E-02

190 7.14E+00 7.89E-01 3.66E-02

192 7.00E+00 7.73E-01 3.58E-02

194 6.86E+00 7.58E-01 3.51E-02

196 6.72E+00 7.43E-01 3.44E-02

198 6.59E+00 7.28E-01 3.37E-02

200 6.46E+00 7.14E-01 3.31E-02



Attachment H-12

GW-8: Sensitivity Analysis - Decrease source depth

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 78 76

Date Achieved 2038 2036

Time from 2020 (yrs) 18 16

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 1 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 2 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1.05 3 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 4 5.01E+01 2.12E+00 8.72E-02

Width (m) 100 Yield 0.161 5 3.23E+03 1.44E+02 6.06E+00

Depth (m) 1 Decay Rate Decay Rate Decay Rate 6 8.94E+03 4.07E+02 1.73E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 7 1.17E+04 5.36E+02 2.28E+01

Porosity 0.25 0.85 1.03 0.85 8 1.21E+04 5.57E+02 2.37E+01

0.8 0.8 0.8 9 1.21E+04 5.56E+02 2.37E+01

Fraction Removed 0.95 Yield 0 10 1.19E+04 5.51E+02 2.35E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 11 1.18E+04 5.44E+02 2.32E+01

Remed. End (yr) 71 3.07 3.12 3.12 12 1.17E+04 5.38E+02 2.29E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 13 1.15E+04 5.31E+02 2.26E+01

3 3 3 14 1.14E+04 5.25E+02 2.24E+01

Retardation Factor 1.5 Dist. from Source 15 1.12E+04 5.19E+02 2.21E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 16 1.11E+04 5.12E+02 2.18E+01

vMin 0 17 1.10E+04 5.06E+02 2.16E+01

vMax 1.5648 Intervals Min Value Max Value 18 1.08E+04 5.00E+02 2.13E+01

#Stream Tubes 100 x-direction (m) 11 0.01 100 19 1.07E+04 4.94E+02 2.11E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 20 1.06E+04 4.88E+02 2.08E+01

alpha z (m) 0.04 z-direction 1 0 0 21 1.05E+04 4.82E+02 2.06E+01

Time (yr) 100 0 100 22 1.03E+04 4.77E+02 2.03E+01

23 1.02E+04 4.71E+02 2.01E+01

24 1.01E+04 4.65E+02 1.98E+01

25 9.97E+03 4.60E+02 1.96E+01

26 9.85E+03 4.54E+02 1.94E+01

27 9.74E+03 4.49E+02 1.91E+01

28 9.62E+03 4.44E+02 1.89E+01

29 9.51E+03 4.38E+02 1.87E+01

30 9.39E+03 4.33E+02 1.85E+01

31 9.28E+03 4.28E+02 1.82E+01

32 9.17E+03 4.23E+02 1.80E+01

33 9.06E+03 4.18E+02 1.78E+01

34 8.96E+03 4.13E+02 1.76E+01

35 8.85E+03 4.08E+02 1.74E+01

36 8.75E+03 4.03E+02 1.72E+01

37 8.65E+03 3.99E+02 1.70E+01

38 8.54E+03 3.94E+02 1.68E+01

39 8.44E+03 3.89E+02 1.66E+01

40 8.34E+03 3.85E+02 1.64E+01

41 8.25E+03 3.80E+02 1.62E+01

42 8.15E+03 3.76E+02 1.60E+01

43 8.05E+03 3.71E+02 1.58E+01

44 7.96E+03 3.67E+02 1.56E+01

45 7.87E+03 3.63E+02 1.55E+01

46 7.78E+03 3.59E+02 1.53E+01

47 7.69E+03 3.54E+02 1.51E+01

48 7.60E+03 3.50E+02 1.49E+01

49 7.51E+03 3.46E+02 1.48E+01

Tme to Achieve:*

*Decrease source depth (height) from 2 m to 1 m

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-12

GW-8: Sensitivity Analysis - Decrease source depth

50 7.42E+03 3.42E+02 1.46E+01

51 7.33E+03 3.38E+02 1.44E+01

52 7.25E+03 3.34E+02 1.42E+01

53 7.16E+03 3.30E+02 1.41E+01

54 7.08E+03 3.27E+02 1.39E+01

55 7.00E+03 3.23E+02 1.38E+01

56 6.92E+03 3.19E+02 1.36E+01

57 6.84E+03 3.15E+02 1.34E+01

58 6.76E+03 3.12E+02 1.33E+01

59 6.68E+03 3.08E+02 1.31E+01

60 6.60E+03 3.05E+02 1.30E+01

61 6.53E+03 3.01E+02 1.28E+01

62 6.45E+03 2.98E+02 1.27E+01

63 6.38E+03 2.94E+02 1.25E+01

64 6.31E+03 2.91E+02 1.24E+01

65 6.16E+03 2.84E+02 1.21E+01

66 5.43E+03 3.56E+02 1.42E+01

67 4.47E+03 3.47E+02 1.46E+01

68 3.55E+03 3.00E+02 1.31E+01

69 2.74E+03 2.43E+02 1.09E+01

70 2.05E+03 1.88E+02 8.47E+00

71 1.50E+03 1.38E+02 6.28E+00

72 1.05E+03 9.76E+01 4.43E+00

73 6.91E+02 6.43E+01 2.92E+00

74 4.10E+02 3.83E+01 1.74E+00

75 2.06E+02 1.93E+01 8.79E-01

76 7.91E+01 8.09E+00 3.66E-01

77 2.83E+01 3.03E+00 1.39E-01

78 1.54E+01 1.67E+00 7.68E-02

79 1.25E+01 1.37E+00 6.34E-02

80 1.18E+01 1.30E+00 6.01E-02

81 1.15E+01 1.27E+00 5.87E-02

82 1.13E+01 1.25E+00 5.79E-02

83 1.12E+01 1.24E+00 5.73E-02

84 1.11E+01 1.22E+00 5.67E-02

85 1.10E+01 1.21E+00 5.61E-02

86 1.08E+01 1.20E+00 5.55E-02

87 1.07E+01 1.19E+00 5.50E-02

88 1.06E+01 1.17E+00 5.44E-02

89 1.05E+01 1.16E+00 5.39E-02

90 1.04E+01 1.15E+00 5.33E-02

91 1.03E+01 1.14E+00 5.28E-02

92 1.02E+01 1.13E+00 5.23E-02

93 1.01E+01 1.12E+00 5.18E-02

94 1.00E+01 1.11E+00 5.12E-02

95 9.90E+00 1.09E+00 5.07E-02

96 9.80E+00 1.08E+00 5.02E-02

97 9.70E+00 1.07E+00 4.97E-02

98 9.61E+00 1.06E+00 4.92E-02

99 9.51E+00 1.05E+00 4.87E-02

100 9.41E+00 1.04E+00 4.82E-02



Attachment H-13

GW-8: Sensitivity Analysis - Increase Source Depth

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 128 78

Date Achieved 2088 2038

Time from 2020 (yrs) 68 18

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 1.67E+02 7.07E+00 2.91E-01

Gamma 2 time (yr): 0.1 0.31 1.05 6 2.97E+04 1.35E+03 5.73E+01

65 0.05 0.08 1 8 3.95E+04 1.82E+03 7.76E+01

Width (m) 100 Yield 0.161 10 3.84E+04 1.77E+03 7.55E+01

Depth (m) 5 Decay Rate Decay Rate Decay Rate 12 3.69E+04 1.70E+03 7.25E+01

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 3.54E+04 1.63E+03 6.97E+01

Porosity 0.25 0.85 1.03 0.85 16 3.40E+04 1.57E+03 6.69E+01

0.8 0.8 0.8 18 3.27E+04 1.51E+03 6.43E+01

Fraction Removed 0.95 Yield 0 20 3.15E+04 1.45E+03 6.19E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 3.03E+04 1.40E+03 5.95E+01

Remed. End (yr) 71 3.07 3.12 3.12 24 2.91E+04 1.34E+03 5.73E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 2.80E+04 1.29E+03 5.51E+01

3 3 3 28 2.70E+04 1.24E+03 5.31E+01

Retardation Factor 1.5 Dist. from Source 30 2.60E+04 1.20E+03 5.11E+01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 2.51E+04 1.16E+03 4.93E+01

vMin 0 34 2.41E+04 1.11E+03 4.75E+01

vMax 1.5648 Intervals Min Value Max Value 36 2.33E+04 1.07E+03 4.58E+01

#Stream Tubes 100 x-direction (m) 11 0.01 100 38 2.25E+04 1.04E+03 4.41E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 2.17E+04 9.99E+02 4.26E+01

alpha z (m) 0.04 z-direction 1 0 0 42 2.09E+04 9.64E+02 4.11E+01

Time (yr) 100 0 200 44 2.02E+04 9.31E+02 3.97E+01

46 1.95E+04 8.98E+02 3.83E+01

48 1.88E+04 8.68E+02 3.70E+01

50 1.82E+04 8.38E+02 3.57E+01

52 1.76E+04 8.10E+02 3.45E+01

54 1.70E+04 7.83E+02 3.34E+01

56 1.64E+04 7.57E+02 3.23E+01

58 1.59E+04 7.32E+02 3.12E+01

60 1.53E+04 7.08E+02 3.02E+01

62 1.48E+04 6.85E+02 2.92E+01

64 1.44E+04 6.62E+02 2.82E+01

66 1.23E+04 8.06E+02 3.21E+01

68 8.02E+03 6.78E+02 2.97E+01

70 4.63E+03 4.24E+02 1.91E+01

72 2.37E+03 2.20E+02 1.00E+01

74 9.26E+02 8.64E+01 3.93E+00

76 1.79E+02 1.83E+01 8.27E-01

78 3.47E+01 3.77E+00 1.73E-01

80 2.66E+01 2.93E+00 1.36E-01

82 2.55E+01 2.82E+00 1.31E-01

84 2.50E+01 2.76E+00 1.28E-01

86 2.44E+01 2.70E+00 1.25E-01

88 2.39E+01 2.65E+00 1.23E-01

90 2.35E+01 2.59E+00 1.20E-01

92 2.30E+01 2.54E+00 1.18E-01

94 2.25E+01 2.49E+00 1.15E-01

96 2.21E+01 2.44E+00 1.13E-01

98 2.16E+01 2.39E+00 1.11E-01

Tme to Achieve:*

*Increase source depth (height) from 2 m to 5 m

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-13

GW-8: Sensitivity Analysis - Increase Source Depth

100 2.12E+01 2.34E+00 1.08E-01

102 2.07E+01 2.29E+00 1.06E-01

104 2.03E+01 2.25E+00 1.04E-01

106 1.99E+01 2.20E+00 1.02E-01

108 1.95E+01 2.16E+00 9.99E-02

110 1.91E+01 2.11E+00 9.78E-02

112 1.87E+01 2.07E+00 9.58E-02

114 1.83E+01 2.03E+00 9.39E-02

116 1.80E+01 1.99E+00 9.20E-02

118 1.76E+01 1.94E+00 9.01E-02

120 1.72E+01 1.91E+00 8.83E-02

122 1.69E+01 1.87E+00 8.65E-02

124 1.65E+01 1.83E+00 8.47E-02

126 1.62E+01 1.79E+00 8.30E-02

128 1.59E+01 1.76E+00 8.13E-02

130 1.56E+01 1.72E+00 7.97E-02

132 1.52E+01 1.68E+00 7.81E-02

134 1.49E+01 1.65E+00 7.65E-02

136 1.46E+01 1.62E+00 7.49E-02

138 1.43E+01 1.58E+00 7.34E-02

140 1.40E+01 1.55E+00 7.19E-02

142 1.38E+01 1.52E+00 7.05E-02

144 1.35E+01 1.49E+00 6.91E-02

146 1.32E+01 1.46E+00 6.77E-02

148 1.29E+01 1.43E+00 6.63E-02

150 1.27E+01 1.40E+00 6.49E-02

152 1.24E+01 1.37E+00 6.36E-02

154 1.22E+01 1.35E+00 6.23E-02

156 1.19E+01 1.32E+00 6.11E-02

158 1.17E+01 1.29E+00 5.99E-02

160 1.14E+01 1.27E+00 5.86E-02

162 1.12E+01 1.24E+00 5.75E-02

164 1.10E+01 1.21E+00 5.63E-02

166 1.08E+01 1.19E+00 5.52E-02

168 1.05E+01 1.17E+00 5.40E-02

170 1.03E+01 1.14E+00 5.30E-02

172 1.01E+01 1.12E+00 5.19E-02

174 9.92E+00 1.10E+00 5.08E-02

176 9.72E+00 1.08E+00 4.98E-02

178 9.53E+00 1.05E+00 4.88E-02

180 9.33E+00 1.03E+00 4.78E-02

182 9.15E+00 1.01E+00 4.69E-02

184 8.96E+00 9.91E-01 4.59E-02

186 8.78E+00 9.71E-01 4.50E-02

188 8.60E+00 9.51E-01 4.41E-02

190 8.43E+00 9.32E-01 4.32E-02

192 8.26E+00 9.13E-01 4.23E-02

194 8.09E+00 8.95E-01 4.15E-02

196 7.93E+00 8.77E-01 4.06E-02

198 7.77E+00 8.59E-01 3.98E-02

200 7.62E+00 8.42E-01 3.90E-02



Attachment H-14

GW-8: Sensitivity Analysis - Increase Groundwater Velocity

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 74 72

Date Achieved 2034 2032

Time from 2020 (yrs) 14 12

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 2.68E+04 6.18E+02 1.83E+01

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 2.53E+04 5.87E+02 1.74E+01

Gamma 2 time (yr): 0.1 0.31 1.05 6 2.39E+04 5.55E+02 1.64E+01

65 0.05 0.08 1 8 2.27E+04 5.24E+02 1.55E+01

Width (m) 100 Yield 0.161 10 2.14E+04 4.97E+02 1.47E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 2.03E+04 4.70E+02 1.39E+01

Darcy Velocity (m/yr) 30 0.87 0.92 0.92 14 1.93E+04 4.46E+02 1.32E+01

Porosity 0.25 0.85 1.03 0.85 16 1.83E+04 4.24E+02 1.25E+01

0.8 0.8 0.8 18 1.74E+04 4.02E+02 1.19E+01

Fraction Removed 0.95 Yield 0 20 1.65E+04 3.83E+02 1.13E+01

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 1.57E+04 3.64E+02 1.08E+01

Remed. End (yr) 71 3.07 3.12 3.12 24 1.50E+04 3.47E+02 1.03E+01

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 1.43E+04 3.30E+02 9.77E+00

3 3 3 28 1.36E+04 3.15E+02 9.31E+00

Retardation Factor 1.5 Dist. from Source 30 1.30E+04 3.00E+02 8.88E+00

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 1.24E+04 2.87E+02 8.48E+00

vMin 0 34 1.18E+04 2.74E+02 8.10E+00

vMax 1.5648 Intervals Min Value Max Value 36 1.13E+04 2.62E+02 7.74E+00

#Stream Tubes 100 x-direction (m) 11 0.01 100 38 1.08E+04 2.50E+02 7.41E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 40 1.03E+04 2.40E+02 7.09E+00

alpha z (m) 0.04 z-direction 1 0 0 42 9.91E+03 2.29E+02 6.78E+00

Time (yr) 100 0 200 44 9.49E+03 2.20E+02 6.50E+00

46 9.09E+03 2.11E+02 6.23E+00

48 8.72E+03 2.02E+02 5.97E+00

50 8.36E+03 1.94E+02 5.73E+00

52 8.02E+03 1.86E+02 5.50E+00

54 7.70E+03 1.78E+02 5.28E+00

56 7.40E+03 1.71E+02 5.07E+00

58 7.11E+03 1.65E+02 4.87E+00

60 6.83E+03 1.58E+02 4.68E+00

62 5.86E+03 1.36E+02 4.03E+00

64 3.90E+03 9.06E+01 2.69E+00

66 2.26E+03 9.65E+01 2.87E+00

68 1.12E+03 5.24E+01 1.66E+00

70 3.90E+02 1.83E+01 5.80E-01

72 3.65E+01 1.77E+00 5.74E-02

74 1.57E+01 7.26E-01 2.28E-02

76 1.52E+01 8.19E-01 2.58E-02

78 1.48E+01 8.21E-01 2.64E-02

80 1.45E+01 8.04E-01 2.58E-02

82 1.42E+01 7.87E-01 2.53E-02

84 1.39E+01 7.71E-01 2.48E-02

86 1.36E+01 7.55E-01 2.43E-02

88 1.33E+01 7.39E-01 2.38E-02

90 1.30E+01 7.24E-01 2.33E-02

92 1.28E+01 7.09E-01 2.28E-02

94 1.25E+01 6.94E-01 2.23E-02

96 1.23E+01 6.80E-01 2.19E-02

98 1.20E+01 6.66E-01 2.14E-02

Tme to Achieve:*

*Increase groundwater velocity from 6.8 to 30 m/year

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-14

GW-8: Sensitivity Analysis - Increase Groundwater Velocity

100 1.18E+01 6.52E-01 2.10E-02

102 1.15E+01 6.39E-01 2.05E-02

104 1.13E+01 6.26E-01 2.01E-02

106 1.10E+01 6.13E-01 1.97E-02

108 1.08E+01 6.00E-01 1.93E-02

110 1.06E+01 5.88E-01 1.89E-02

112 1.04E+01 5.76E-01 1.85E-02

114 1.02E+01 5.64E-01 1.81E-02

116 9.95E+00 5.52E-01 1.78E-02

118 9.75E+00 5.41E-01 1.74E-02

120 9.55E+00 5.30E-01 1.70E-02

122 9.35E+00 5.19E-01 1.67E-02

124 9.16E+00 5.08E-01 1.63E-02

126 8.97E+00 4.98E-01 1.60E-02

128 8.79E+00 4.88E-01 1.57E-02

130 8.61E+00 4.78E-01 1.54E-02

132 8.43E+00 4.68E-01 1.50E-02

134 8.26E+00 4.58E-01 1.47E-02

136 8.09E+00 4.49E-01 1.44E-02

138 7.92E+00 4.40E-01 1.41E-02

140 7.76E+00 4.31E-01 1.38E-02

142 7.60E+00 4.22E-01 1.36E-02

144 7.45E+00 4.13E-01 1.33E-02

146 7.29E+00 4.05E-01 1.30E-02

148 7.14E+00 3.97E-01 1.27E-02

150 7.00E+00 3.88E-01 1.25E-02

152 6.86E+00 3.81E-01 1.22E-02

154 6.72E+00 3.73E-01 1.20E-02

156 6.58E+00 3.65E-01 1.17E-02

158 6.44E+00 3.58E-01 1.15E-02

160 6.31E+00 3.50E-01 1.13E-02

162 6.18E+00 3.43E-01 1.10E-02

164 6.06E+00 3.36E-01 1.08E-02

166 5.93E+00 3.29E-01 1.06E-02

168 5.81E+00 3.23E-01 1.04E-02

170 5.70E+00 3.16E-01 1.02E-02

172 5.58E+00 3.10E-01 9.95E-03

174 5.47E+00 3.03E-01 9.75E-03

176 5.35E+00 2.97E-01 9.55E-03

178 5.25E+00 2.91E-01 9.36E-03

180 5.14E+00 2.85E-01 9.17E-03

182 5.03E+00 2.79E-01 8.98E-03

184 4.93E+00 2.74E-01 8.80E-03

186 4.83E+00 2.68E-01 8.62E-03

188 4.73E+00 2.63E-01 8.44E-03

190 4.64E+00 2.57E-01 8.27E-03

192 4.54E+00 2.52E-01 8.10E-03

194 4.45E+00 2.47E-01 7.94E-03

196 4.36E+00 2.42E-01 7.78E-03

198 4.27E+00 2.37E-01 7.62E-03

200 4.19E+00 2.32E-01 7.47E-03



Attachment H-15

GW-8: Sensitivity Analysis - Decrease Groundwater Velocity

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 116 106

Date Achieved 2076 2066

Time from 2020 (yrs) 56 46

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.12 0.2 1.12 4 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 0.1 0.31 1.05 6 0.00E+00 0.00E+00 0.00E+00

65 0.05 0.08 1 8 0.00E+00 0.00E+00 0.00E+00

Width (m) 100 Yield 0.161 10 0.00E+00 0.00E+00 0.00E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 0.00E+00 0.00E+00 0.00E+00

Darcy Velocity (m/yr) 1 0.87 0.92 0.92 14 0.00E+00 0.00E+00 0.00E+00

Porosity 0.25 0.85 1.03 0.85 16 0.00E+00 0.00E+00 0.00E+00

0.8 0.8 0.8 18 0.00E+00 0.00E+00 0.00E+00

Fraction Removed 0.95 Yield 0 20 0.00E+00 0.00E+00 0.00E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 0.00E+00 0.00E+00 0.00E+00

Remed. End (yr) 71 3.07 3.12 3.12 24 0.00E+00 0.00E+00 0.00E+00

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 1.09E+01 5.37E-01 2.34E-02

3 3 3 28 8.23E+01 4.06E+00 1.77E-01

Retardation Factor 1.5 Dist. from Source 30 4.04E+02 1.99E+01 8.70E-01

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 1.12E+03 5.53E+01 2.42E+00

vMin 0 34 2.42E+03 1.19E+02 5.20E+00

vMax 1.5648 Intervals Min Value Max Value 36 3.39E+03 1.67E+02 7.30E+00

#Stream Tubes 100 x-direction (m) 11 0.01 100 38 4.76E+03 2.35E+02 1.03E+01

alpha y (m) 0.4 y-direction (m) 1 0 0 40 5.64E+03 2.78E+02 1.22E+01

alpha z (m) 0.04 z-direction 1 0 0 42 6.32E+03 3.12E+02 1.36E+01

Time (yr) 100 0 200 44 6.77E+03 3.34E+02 1.46E+01

46 6.90E+03 3.40E+02 1.49E+01

48 6.94E+03 3.42E+02 1.49E+01

50 6.92E+03 3.41E+02 1.49E+01

52 6.85E+03 3.38E+02 1.48E+01

54 6.76E+03 3.33E+02 1.46E+01

56 6.63E+03 3.27E+02 1.43E+01

58 6.51E+03 3.21E+02 1.40E+01

60 6.38E+03 3.15E+02 1.37E+01

62 6.25E+03 3.09E+02 1.35E+01

64 6.13E+03 3.02E+02 1.32E+01

66 5.80E+03 3.99E+02 1.63E+01

68 5.32E+03 4.66E+02 2.07E+01

70 4.87E+03 4.61E+02 2.11E+01

72 4.46E+03 4.34E+02 2.00E+01

74 4.09E+03 4.01E+02 1.86E+01

76 3.69E+03 3.92E+02 1.80E+01

78 3.30E+03 3.75E+02 1.76E+01

80 2.94E+03 3.43E+02 1.62E+01

82 2.62E+03 3.09E+02 1.46E+01

84 2.34E+03 2.76E+02 1.31E+01

86 2.09E+03 2.47E+02 1.17E+01

88 1.86E+03 2.20E+02 1.04E+01

90 1.64E+03 1.95E+02 9.24E+00

92 1.43E+03 1.69E+02 8.04E+00

94 1.20E+03 1.43E+02 6.77E+00

96 9.69E+02 1.15E+02 5.45E+00

98 7.39E+02 8.75E+01 4.15E+00

Tme to Achieve:*

*Decrease groundwater velocity from 6.8 to 1 m/year

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-15

GW-8: Sensitivity Analysis - Decrease Groundwater Velocity

100 5.32E+02 6.30E+01 2.99E+00

102 3.62E+02 4.29E+01 2.04E+00

104 2.34E+02 2.77E+01 1.32E+00

106 1.44E+02 1.70E+01 8.09E-01

108 8.54E+01 1.01E+01 4.80E-01

110 4.94E+01 5.85E+00 2.78E-01

112 2.83E+01 3.35E+00 1.59E-01

114 1.63E+01 1.93E+00 9.15E-02

116 9.61E+00 1.14E+00 5.40E-02

118 5.97E+00 7.07E-01 3.36E-02

120 3.98E+00 4.72E-01 2.24E-02

122 2.91E+00 3.44E-01 1.64E-02

124 2.31E+00 2.74E-01 1.30E-02

126 1.98E+00 2.34E-01 1.11E-02

128 1.78E+00 2.11E-01 1.00E-02

130 1.66E+00 1.97E-01 9.35E-03

132 1.58E+00 1.87E-01 8.90E-03

134 1.53E+00 1.81E-01 8.58E-03

136 1.48E+00 1.75E-01 8.33E-03

138 1.44E+00 1.71E-01 8.11E-03

140 1.41E+00 1.67E-01 7.93E-03

142 1.38E+00 1.63E-01 7.75E-03

144 1.35E+00 1.60E-01 7.59E-03

146 1.32E+00 1.57E-01 7.44E-03

148 1.30E+00 1.53E-01 7.28E-03

150 1.27E+00 1.50E-01 7.14E-03

152 1.24E+00 1.47E-01 7.00E-03

154 1.22E+00 1.44E-01 6.86E-03

156 1.20E+00 1.42E-01 6.72E-03

158 1.17E+00 1.39E-01 6.59E-03

160 1.15E+00 1.36E-01 6.46E-03

162 1.13E+00 1.33E-01 6.33E-03

164 1.10E+00 1.31E-01 6.20E-03

166 1.08E+00 1.28E-01 6.08E-03

168 1.06E+00 1.25E-01 5.96E-03

170 1.04E+00 1.23E-01 5.84E-03

172 1.02E+00 1.21E-01 5.72E-03

174 9.98E-01 1.18E-01 5.61E-03

176 9.78E-01 1.16E-01 5.50E-03

178 9.59E-01 1.14E-01 5.39E-03

180 9.40E-01 1.11E-01 5.28E-03

182 9.21E-01 1.09E-01 5.18E-03

184 9.03E-01 1.07E-01 5.08E-03

186 8.85E-01 1.05E-01 4.97E-03

188 8.67E-01 1.03E-01 4.88E-03

190 8.50E-01 1.01E-01 4.78E-03

192 8.33E-01 9.87E-02 4.68E-03

194 8.17E-01 9.67E-02 4.59E-03

196 8.01E-01 9.48E-02 4.50E-03

198 7.85E-01 9.29E-02 4.41E-03

200 7.69E-01 9.11E-02 4.32E-03



Attachment H-16

GW-8: Sensitivity Analysis - Decrease TCE Decay Rate

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 140 78

Date Achieved 2100 2038

Time from 2020 (yrs) 80 18

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 2 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 0.012 0.2 1.12 4 1.06E+02 4.31E-01 1.75E-02

Gamma 2 time (yr): 0.01 0.31 1.05 6 1.97E+04 8.55E+01 3.58E+00

65 0.005 0.08 1 8 2.68E+04 1.18E+02 4.95E+00

Width (m) 100 Yield 0.161 10 2.64E+04 1.16E+02 4.88E+00

Depth (m) 2 Decay Rate Decay Rate Decay Rate 12 2.56E+04 1.13E+02 4.75E+00

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 14 2.49E+04 1.10E+02 4.62E+00

Porosity 0.25 0.85 1.03 0.85 16 2.42E+04 1.07E+02 4.49E+00

0.8 0.8 0.8 18 2.36E+04 1.04E+02 4.36E+00

Fraction Removed 0.95 Yield 0 20 2.29E+04 1.01E+02 4.24E+00

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 22 2.23E+04 9.80E+01 4.13E+00

Remed. End (yr) 71 3.07 3.12 3.12 24 2.17E+04 9.53E+01 4.01E+00

Source Decay (1/yr) 0.005 3.05 3.23 3.05 26 2.11E+04 9.27E+01 3.90E+00

3 3 3 28 2.05E+04 9.02E+01 3.80E+00

Retardation Factor 1.5 Dist. from Source 30 2.00E+04 8.78E+01 3.69E+00

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 32 1.94E+04 8.54E+01 3.59E+00

vMin 0 34 1.89E+04 8.31E+01 3.50E+00

vMax 1.5648 Intervals Min Value Max Value 36 1.84E+04 8.09E+01 3.40E+00

#Stream Tubes 100 x-direction (m) 11 0.01 100 38 1.79E+04 7.87E+01 3.31E+00

alpha y (m) 0.4 y-direction (m) 1 0 0 40 1.74E+04 7.66E+01 3.23E+00

alpha z (m) 0.04 z-direction 1 0 0 42 1.70E+04 7.46E+01 3.14E+00

Time (yr) 100 0 200 44 1.65E+04 7.26E+01 3.06E+00

46 1.61E+04 7.07E+01 2.98E+00

48 1.57E+04 6.88E+01 2.90E+00

50 1.52E+04 6.70E+01 2.82E+00

52 1.48E+04 6.53E+01 2.75E+00

54 1.45E+04 6.36E+01 2.68E+00

56 1.41E+04 6.19E+01 2.61E+00

58 1.37E+04 6.03E+01 2.54E+00

60 1.34E+04 5.88E+01 2.47E+00

62 1.30E+04 5.73E+01 2.41E+00

64 1.27E+04 5.58E+01 2.35E+00

66 1.13E+04 6.98E+01 2.73E+00

68 7.83E+03 6.12E+01 2.62E+00

70 4.80E+03 4.01E+01 1.77E+00

72 2.53E+03 2.14E+01 9.46E-01

74 1.00E+03 8.48E+00 3.76E-01

76 2.02E+02 1.87E+00 8.20E-02

78 3.94E+01 3.84E-01 1.72E-02

80 2.98E+01 2.94E-01 1.32E-02

82 2.87E+01 2.84E-01 1.28E-02

84 2.81E+01 2.78E-01 1.25E-02

86 2.75E+01 2.72E-01 1.22E-02

88 2.70E+01 2.67E-01 1.20E-02

90 2.64E+01 2.61E-01 1.18E-02

92 2.59E+01 2.56E-01 1.15E-02

94 2.54E+01 2.51E-01 1.13E-02

96 2.49E+01 2.46E-01 1.11E-02

98 2.44E+01 2.41E-01 1.08E-02

Tme to Achieve:*

*Decrease 0-400 m TCE decay rate: 

0-65 years = change from 0.05 to 0.005

65-75 years = change from 0.1 to 0.01

75+ years = change from 0.12 to 0.012

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-16

GW-8: Sensitivity Analysis - Decrease TCE Decay Rate

100 2.39E+01 2.36E-01 1.06E-02

102 2.34E+01 2.31E-01 1.04E-02

104 2.29E+01 2.27E-01 1.02E-02

106 2.25E+01 2.22E-01 1.00E-02

108 2.20E+01 2.18E-01 9.80E-03

110 2.16E+01 2.13E-01 9.60E-03

112 2.11E+01 2.09E-01 9.41E-03

114 2.07E+01 2.05E-01 9.22E-03

116 2.03E+01 2.01E-01 9.03E-03

118 1.99E+01 1.97E-01 8.85E-03

120 1.95E+01 1.93E-01 8.67E-03

122 1.91E+01 1.89E-01 8.50E-03

124 1.87E+01 1.85E-01 8.33E-03

126 1.83E+01 1.82E-01 8.16E-03

128 1.80E+01 1.78E-01 8.00E-03

130 1.76E+01 1.74E-01 7.84E-03

132 1.73E+01 1.71E-01 7.68E-03

134 1.69E+01 1.67E-01 7.53E-03

136 1.66E+01 1.64E-01 7.38E-03

138 1.63E+01 1.61E-01 7.23E-03

140 1.59E+01 1.58E-01 7.09E-03

142 1.56E+01 1.54E-01 6.94E-03

144 1.53E+01 1.51E-01 6.81E-03

146 1.50E+01 1.48E-01 6.67E-03

148 1.47E+01 1.45E-01 6.54E-03

150 1.44E+01 1.42E-01 6.41E-03

152 1.41E+01 1.40E-01 6.28E-03

154 1.38E+01 1.37E-01 6.15E-03

156 1.35E+01 1.34E-01 6.03E-03

158 1.33E+01 1.31E-01 5.91E-03

160 1.30E+01 1.29E-01 5.79E-03

162 1.28E+01 1.26E-01 5.67E-03

164 1.25E+01 1.24E-01 5.56E-03

166 1.22E+01 1.21E-01 5.45E-03

168 1.20E+01 1.19E-01 5.34E-03

170 1.18E+01 1.16E-01 5.23E-03

172 1.15E+01 1.14E-01 5.13E-03

174 1.13E+01 1.12E-01 5.03E-03

176 1.11E+01 1.10E-01 4.93E-03

178 1.09E+01 1.07E-01 4.83E-03

180 1.06E+01 1.05E-01 4.73E-03

182 1.04E+01 1.03E-01 4.64E-03

184 1.02E+01 1.01E-01 4.54E-03

186 1.00E+01 9.90E-02 4.45E-03

188 9.81E+00 9.70E-02 4.37E-03

190 9.61E+00 9.51E-02 4.28E-03

192 9.42E+00 9.32E-02 4.19E-03

194 9.23E+00 9.14E-02 4.11E-03

196 9.05E+00 8.95E-02 4.03E-03

198 8.87E+00 8.77E-02 3.95E-03

200 8.69E+00 8.60E-02 3.87E-03



Attachment H-17

GW-8: Sensitivity Analysis - Increase TCE Decay Rate

SS VISL 10x SS VISL

TCE PRG 16 160

Time Achieved (yrs) 75 70

Date Achieved 2035 2030

Time from 2020 (yrs) 15 10

Input parameters: Output results (100 m from start)

Component 1: TCE Yield 0.74 Years TCE 1,2-DCE VC

Conc. (g/L) 0.055 time (yr): Decay Rate Decay Rate Decay Rate 1 0.00E+00 0.00E+00 0.00E+00

Mass (Kg) 34,000 75 1.2 0.2 1.12 2 0.00E+00 0.00E+00 0.00E+00

Gamma 2 time (yr): 1 0.31 1.05 3 0.00E+00 0.00E+00 0.00E+00

65 0.5 0.08 1 4 2.94E+01 1.96E+01 8.93E-01

Width (m) 100 Yield 0.161 5 1.50E+03 1.12E+03 5.25E+01

Depth (m) 2 Decay Rate Decay Rate Decay Rate 6 3.57E+03 2.82E+03 1.34E+02

Darcy Velocity (m/yr) 6.8 0.87 0.92 0.92 7 4.30E+03 3.47E+03 1.66E+02

Porosity 0.25 0.85 1.03 0.85 8 4.36E+03 3.53E+03 1.69E+02

0.8 0.8 0.8 9 4.31E+03 3.50E+03 1.68E+02

Fraction Removed 0.95 Yield 0 10 4.26E+03 3.46E+03 1.65E+02

Remed. Start (yr) 60 Decay Rate Decay Rate Decay Rate 11 4.20E+03 3.41E+03 1.63E+02

Remed. End (yr) 71 3.07 3.12 3.12 12 4.14E+03 3.36E+03 1.61E+02

Source Decay (1/yr) 0.005 3.05 3.23 3.05 13 4.08E+03 3.31E+03 1.59E+02

3 3 3 14 4.02E+03 3.27E+03 1.56E+02

Retardation Factor 1.5 Dist. from Source 15 3.96E+03 3.22E+03 1.54E+02

SigmaV 0.1412 X1 (m) 400 X2 (m) 750 16 3.91E+03 3.17E+03 1.52E+02

vMin 0 17 3.85E+03 3.13E+03 1.50E+02

vMax 1.5648 Intervals Min Value Max Value 18 3.80E+03 3.09E+03 1.48E+02

#Stream Tubes 100 x-direction (m) 11 0.01 100 19 3.75E+03 3.04E+03 1.46E+02

alpha y (m) 0.4 y-direction (m) 1 0 0 20 3.70E+03 3.00E+03 1.44E+02

alpha z (m) 0.04 z-direction 1 0 0 21 3.64E+03 2.96E+03 1.42E+02

Time (yr) 100 0 100 22 3.59E+03 2.92E+03 1.40E+02

23 3.54E+03 2.88E+03 1.38E+02

24 3.50E+03 2.84E+03 1.36E+02

25 3.45E+03 2.80E+03 1.34E+02

26 3.40E+03 2.76E+03 1.32E+02

27 3.35E+03 2.72E+03 1.30E+02

28 3.31E+03 2.69E+03 1.29E+02

29 3.26E+03 2.65E+03 1.27E+02

30 3.22E+03 2.61E+03 1.25E+02

31 3.17E+03 2.58E+03 1.23E+02

32 3.13E+03 2.54E+03 1.22E+02

33 3.09E+03 2.51E+03 1.20E+02

34 3.05E+03 2.47E+03 1.18E+02

35 3.01E+03 2.44E+03 1.17E+02

36 2.97E+03 2.41E+03 1.15E+02

37 2.93E+03 2.38E+03 1.14E+02

38 2.89E+03 2.34E+03 1.12E+02

39 2.85E+03 2.31E+03 1.11E+02

40 2.81E+03 2.28E+03 1.09E+02

41 2.77E+03 2.25E+03 1.08E+02

42 2.74E+03 2.22E+03 1.06E+02

43 2.70E+03 2.19E+03 1.05E+02

44 2.66E+03 2.16E+03 1.04E+02

45 2.63E+03 2.13E+03 1.02E+02

46 2.59E+03 2.11E+03 1.01E+02

47 2.56E+03 2.08E+03 9.95E+01

48 2.52E+03 2.05E+03 9.82E+01

49 2.49E+03 2.02E+03 9.69E+01

Tme to Achieve:*

*Increase 0-400 m TCE decay rate: 

0-65 years = change from 0.05 to 0.5

65-75 years = change from 0.1 to 1.0

75+ years = change from 0.12 to 1.2

Initial Source

Source Dimensions

Component 2: 1,2-DCE

Source Remediation

Component 3: VC

Transport Parameters

Simulation Parameters
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Attachment H-17

GW-8: Sensitivity Analysis - Increase TCE Decay Rate

50 2.46E+03 2.00E+03 9.56E+01

51 2.43E+03 1.97E+03 9.43E+01

52 2.39E+03 1.94E+03 9.31E+01

53 2.36E+03 1.92E+03 9.19E+01

54 2.33E+03 1.89E+03 9.07E+01

55 2.30E+03 1.87E+03 8.95E+01

56 2.27E+03 1.85E+03 8.83E+01

57 2.24E+03 1.82E+03 8.72E+01

58 2.21E+03 1.80E+03 8.61E+01

59 2.18E+03 1.77E+03 8.49E+01

60 2.16E+03 1.75E+03 8.38E+01

61 2.13E+03 1.73E+03 8.28E+01

62 2.10E+03 1.71E+03 8.17E+01

63 2.07E+03 1.68E+03 8.06E+01

64 2.05E+03 1.66E+03 7.96E+01

65 1.99E+03 1.62E+03 7.74E+01

66 1.28E+03 1.69E+03 7.99E+01

67 7.71E+02 1.42E+03 7.17E+01

68 4.49E+02 1.07E+03 5.65E+01

69 2.55E+02 7.40E+02 4.03E+01

70 1.44E+02 4.85E+02 2.69E+01

71 9.10E+01 3.23E+02 1.81E+01

72 6.07E+01 2.18E+02 1.22E+01

73 3.84E+01 1.40E+02 7.84E+00

74 2.15E+01 7.98E+01 4.48E+00

75 9.65E+00 3.74E+01 2.11E+00

76 2.74E+00 1.29E+01 7.42E-01

77 9.05E-01 4.60E+00 2.66E-01

78 5.85E-01 3.00E+00 1.73E-01

79 4.87E-01 2.65E+00 1.54E-01

80 4.29E-01 2.47E+00 1.44E-01

81 4.06E-01 2.37E+00 1.39E-01

82 4.00E-01 2.33E+00 1.37E-01

83 3.95E-01 2.31E+00 1.35E-01

84 3.91E-01 2.28E+00 1.34E-01

85 3.87E-01 2.26E+00 1.32E-01

86 3.84E-01 2.24E+00 1.31E-01

87 3.80E-01 2.22E+00 1.30E-01

88 3.76E-01 2.19E+00 1.28E-01

89 3.72E-01 2.17E+00 1.27E-01

90 3.68E-01 2.15E+00 1.26E-01

91 3.65E-01 2.13E+00 1.25E-01

92 3.61E-01 2.11E+00 1.23E-01

93 3.57E-01 2.09E+00 1.22E-01

94 3.54E-01 2.06E+00 1.21E-01

95 3.50E-01 2.04E+00 1.20E-01

96 3.47E-01 2.02E+00 1.18E-01

97 3.43E-01 2.00E+00 1.17E-01

98 3.40E-01 1.98E+00 1.16E-01

99 3.36E-01 1.96E+00 1.15E-01

100 3.33E-01 1.94E+00 1.14E-01
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Notes on extraction well capture zones and spacing for Nyanza Pump & Treat option: 

Overburden pumping wells in downgradient plume area  

Under a pump-and-treat remedy in overburden deposits in the Nyanza downgradient plume area, 
the optimal spacing for extraction wells depends on the specific goal of the proposed extraction 
well array and several site-specific parameters. The present discussion considers hydrogeologic 
factors, with the understanding that access and other constraints will ultimately dictate the location 
and spacing of extraction wells in the down-gradient plume area. Without considering these 
constraints, the goal is assumed to be the construction of a series of wells aligned perpendicular 
to the groundwater flow direction and spaced so that all groundwater from a given depth range 
can potentially be captured when the wells are pumped. In other words, the capture zones for the 
wells should intersect, if feasible. 

The size of the capture zone for each extraction well will depend on several factors, including 
transmissivity, pumping rate, screen depth/available drawdown, and others. Overburden wells in 
the downgradient plume area are generally screened in either glacio-fluvial deposits or glacio-
lacustrine deposits, with some wells also screened across the bedrock/overburden interface 
(Ebasco, 1991 (RI Report)). Other deposits, including glacial till and boulder zones, are present, 
but generally do not have monitoring wells screened within the deposit. The glacio-fluvial deposits 
tend to be coarser grained and have higher hydraulic conductivity than the glacio-lacustrine 
deposits. Table 3-1 in the RI Report provides the formation type in which each monitoring well 
that was present at the time was screened. The RI Report also provides hydraulic conductivity 
estimates based on slug tests, packer tests, and grain size analyses (Tables 3-1, 3-2, and 3-3). 
Hydraulic conductivity averages (geometric means) for each formation type are provided in Table 
3-4. For wells screened in glacio-fluvial deposits, the average hydraulic conductivity is 1.85 ft/day; 
for glacio-lacustrine deposits, the average is 0.19 ft/day.  

For the present analysis, transmissivity was estimated for individual wells by multiplying the 
hydraulic conductivity associated with the formation type average value by the saturated 
thickness. For each well, the saturated thickness is assumed to be the difference between the 
typical observed water level measured in 2011 – 2018 and the bottom of the well screen. For five 
wells located in the downgradient plume area and screened in glacio-fluvial deposits (MW-106, 
MW-201, MW-202, MW-203B, and MW-301), the calculated transmissivities range from 16.7 to 
49.0 feet squared per day, and the average transmissivity is 30.6 feet squared per day. For two 
wells screened in glacio-lacustrine deposits and located in the downgradient plume area (MW-
115B and MW-304B), the average transmissivity is 6.0 feet squared per day. 

By assuming an extraction well pumping rate and by assuming that a pumping cycle continues 
until available drawdown is achieved, the size of the expected cone of depression can be 
estimated. For a flat (or nearly flat) water table, the cone of depression can be assumed to equal 
the zone of contribution (capture zone) for the well. If a series of extraction wells can be aligned 
so that the zones of contribution meet or overlap slightly, these wells can capture a significant 
portion of the groundwater that passes through the well transect at the screen depth. 

A site-specific assessment of actual transmissivity, available drawdown at a specific well location, 
and available pumping rate will likely need to be performed during a pre-design investigation 
(PDI). Test drilling, slug tests, and pumping tests will likely be required. For the FS, Nobis has 
estimated the dimensions of probable capture zones and potential well spacing for scenarios that 
represent a range of potential conditions for the site. 



Scenario A: Wells screened in glacio-fluvial deposits with 10 feet of available drawdown and a 
pumping rate of 3 gallons per minute (gpm) – Based on standard simplifying assumptions and 
graphical analysis of drawdown versus distance (e.g. Fetter, 1988, p. 172), T = 70Q/∆h, where T 
is transmissivity, Q is pumping rate, ∆h is the change in drawdown per log cycle of distance, and 
all are in American practical units, ∆h can be estimated. Assuming the transmissivity of 30.6 feet 
squared per day and a pumping rate of 3 gpm, this equation can be solved for ∆h; this produces 
a drawdown of 7 feet per log cycle of distance. Assuming a pumping cycle that draws down the 
pumping well water by 10 feet, a graphical distance versus drawdown solution indicates that a 
drawdown of 1 foot would be expected at a distance of only about 5 feet from the pumping well, 
and the practical capture zone has a radius of less than 10 feet from the pumping well This means 
that a transect of extraction wells with available drawdown of about 10 feet and pumping rate of 
about 3 gpm would need to be spaced only a few feet apart in order to have intersecting capture 
zones. 

Scenario B: Wells screened in glacio-fluvial deposits with 20 feet of available drawdown and a 
pumping rate of 3 gpm – This scenario assumes that downgradient plume locations can be found 
that have greater saturated thicknesses, allowing deeper screen settings and 20 feet of drawdown 
instead of 10 feet. The other values and assumptions are the same as for Scenario A, resulting 
in the same 7-foot drawdown per log cycle of distance result. With a pumping cycle that produces 
20 feet of drawdown in the pumping well, the capture zone is much larger, with a drawdown of 1 
foot not occurring until a distance on the order of 100 feet is reached. This would allow a much 
greater spacing between extraction wells. 

Scenario C: Wells screened in glacio-lacustrine deposits with 20 feet of available drawdown and 
a pumping rate of 0.5 gpm – This scenario assumes a much lower pumping rate than for a well 
screened in glacio-fluvial deposits, because the deposits will likely be silty, requiring a lesser 
screen slot size and a lower-yield pumping well. Assuming the transmissivity is 6.0 feet squared 
per day and a pumping rate of only 0.5 gpm, the calculated drawdown per log cycle is about 6 
feet. If the extraction well is pumped until a drawdown of 20 feet is achieved, a graphical solution 
(similar assumptions and approach as in Scenario A) indicates that a capture zone for such a well 
would extend outward a few hundred feet before a drawdown of 1 foot is reached. If the pumping 
rate were higher or the available drawdown less, smaller capture zones and the need for closer 
well spacing would be expected. 

Summary: For any of these scenarios, the size of the extraction well pumping zones and the 
spacing required to approach full coverage by an extraction well transect will be highly dependent 
on site specific conditions. Increasing the transmissivity (by either finding extraction well locations 
with greater hydraulic conductivity or saturated thickness) results in larger capture zones and 
greater allowable extraction well spacing if all other factors are equal. Increasing the pumping rate 
results in smaller capture zones and closer required spacing. Increasing the available drawdown 
by siting wells where the screens can be set deeper can allow larger capture zones and greater 
extraction well spacing. None of these conclusions indicates which formation type or pumping 
scenario will ultimately result in the removal of more contaminant mass. Many elements of the 
conceptual site model, as well as access and other practical considerations, will ultimately govern 
the placement, spacing, screen depths, and pumping schedules for overburden extraction wells 
in the downgradient plume area. 

 



 Bedrock Pumping Wells in Downgradient Plume Area 

Capture zones, optimal well spacing, and possible pumping rates are more difficult to predict for 
wells screened in fractured bedrock (or open boreholes) than for wells screened in overburden. 
An exception would be wells screened in a shallow, weathered bedrock zone or wells screened 
across the overburden/bedrock interface. Such wells might have similar characteristics to wells 
screened in glacio-fluvial deposits. Otherwise, the characteristics of any bedrock extraction well 
depend on such factors as the depth, orientation, yield, and transmissivity of the water-bearing 
fracture(s) encountered during drilling. For example, a well that does not encounter any 
significant, high-yielding water-bearing fractures, may be capable of only a very low pumping rate 
and may have a very small capture zone, despite a large drawdown. On the other hand, a bedrock 
well that encounters a significant water-bearing fracture or fractures may be capable of pumping 
several gallons per minute and may have a capture zone that extends a considerable distance 
along the strike of the water-bearing fracture. The well may capture little or no water from other 
directions. 

A previous photolineament study (EPA, 1989) shows several prominent photolineaments that may 
represent bedrock fracture zones in and near the Nyanza site. These photolineaments trend most 
commonly from south-southeast (SSE) to north-northwest (NNW), with lineaments that trend 
southwest (SW) to northeast (NE) also present. If these features represent bedrock fracture zones 
(which should be confirmed by a PDI that includes a study of bedrock fractures measured in 
outcrop, borehole geophysical studies, or both), extraction well capture zones may extend 
preferentially in these directions. This means that such wells could be spaced considerably farther 
apart along such a bedrock fracture zone, but they might have to be closer together in other 
directions.  

Techniques that improve the chances of siting a well on one of these fracture zones are available 
but do not represent a guarantee of success. With the added complication of existing 
infrastructure and access challenges, locating a well on a significant water-bearing fracture with 
a predictable trend may effectively be a matter of chance. Reliable predictions of capture zones 
and bedrock extraction well spacing may not be possible until drilling and testing are conducted 
as part of a PDI. It may be best to focus on a “hot spot” where VOC concentrations are high in 
the bedrock and then use various techniques and more than one bedrock test drilling attempt to 
locate a bedrock extraction well that can address the hot spot. 

 

References 

Ebasco Services, Inc., 1991. Draft Remedial Investigation Report, Nyanza II – Groundwater 
Study, Ashland, Massachusetts, Volumes I and II. April. 

EPA, 1989. Photogeologic Analysis, Nyanza Chemical Company, Ashland, Massachusetts. TS-
PIC-89065. July. 



0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

0.1 1 10 100 1000

Dr
aw

do
w

n 
(ft

)

Distance (ft)

Nyanza Pump & Treat Option
Down-gradient Plume Extraction Wells

Drawdown vs. Distance for Hypothetical Glaciofluvial Wells

A B

Assumptions
Well Diameter: 6"
Discharge Rate: 3 gpm
Average Transmissivity: 30.6 ft2/day
Starting Drawdown: 10' (A) 20' (B)
Drawdown per log cycle: 7'

Assumed drawdown 
in pumping well 7 ft. drawdown 

per log cycle

7 ft. drawdown 
per log cycle

Predicted distance 
at 1 ft. dd = 4.8 ft

Predicted distance 
at 1 ft. dd = 105 ft

A

B

, , 
- ,_, 

I/ I,',-

/ , 
V ..,I' 

./ ~' 
/'. , 

~ I I/ 
/ I / 

./ I V 
./ I ./ , 

I ./ 
I,.;' I ~., ,,, ./ , 

I ./ ,,, I ./ 
./ I' 

/ I ~., 
V I ~ 

I I _/ / 
I I - / 

a / 
~i, 

./ 
~ 

/ 
V , 

./ I 

./ I I I ,...._ 
./ 

_.,._ _.,._ 
I ,...._ 

/ I 

I,' I 
--I" --, 

I --
... " I --,, 

--I/ I --
/ I --r V I 

--
I I _.,.. I --
I 1 -



0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

0.1 1 10 100 1000

Dr
aw

do
w

n 
(ft

)

Distance (ft)

Nyanza Pump & Treat Option
Down-gradient Plume Extraction Wells

Drawdown vs Distance for Hypothetical Glaciolacustrine Wells

Assumptions
Well Diameter: 6"
Discharge Rate: 0.5 gpm
Average Transmissivity: 6.0 ft2/day
Starting Drawdown: 20'
Drawdown per log cycle: 6'

Assumed drawdown 
in pumping well

6 ft. drawdown 
per log cycle

Predicted distance 
at 1 ft. dd = 325 ft

,,, 
... , 

~ 

./... 
~' 

/ 
/ 

/ 
I;' 

~.,.. 
I..,' 

V 
/ 

/ 
~I," 

/ .,, 
/ 

/ 
/ 

~" .. , 
/ 

/ 
/ 

/ .,, 
/ 

/ 
/ I 

/ I 

/ --, 
I 

:,, --I - .. , --- --- / I --/ I 

j ' I --
/ --I --/ I - --


	EDS_33292_Nyanza Draft Final Feasibility Study Text Tables Figures
	TRANSMITTAL LETTER
	DRAFT FINAL FEASIBILITY STUDY
	TABLE OF CONTENTS
	1.0 INTRODUCTION
	1.1 Purpose and Scope
	1.2 Report Organization
	1.3 Background Information
	1.3.1 Site Description and Setting
	1.3.2 Land Use
	1.3.3 Site History
	1.3.4 Previous Investigations and Reporting
	1.3.5 Previous Remedial Activities

	1.4 Updated Conceptual Site Model
	1.4.1 Geology and Hydrogeology
	1.4.1.1 Geology
	1.4.1.2 Hydrogeology

	1.4.2 Contamination Sources
	1.4.3 DNAPL Description
	1.4.4 Contaminant Distribution
	1.4.5 Contaminant Fate and Transport
	1.4.6 Contaminant Attenuation

	1.5 Risk Summary
	1.6 Basis for Action
	1.7 Media of Concern

	2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES
	2.1 Development of RAOs
	2.1.1 Applicable or Appropriate and Relevant Requirements and To-Be-Considered Criteria
	2.1.2 Non-ARAR Standards
	2.1.3 Development of PRGs/Performance Standards
	2.1.4 Identification of RAOs

	2.2 Areas and Volumes of Media Exceeding PRGs
	2.3 General Response Actions
	2.4 Identification and Screening of Technologies and Process Options
	2.4.1 Technology Identification
	2.4.2 Technology Screening


	3.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES
	3.1 Alternative Screening Criteria
	3.2 Identification and Description of Initial Alternatives
	3.2.1 Alternative GW-1: No Further Action
	3.2.2 Alternative GW-2: Limited Action
	3.2.3 Alternative GW-3: Nyacol/WAC Pumping and Treatment
	3.2.4 Alternative GW-4: Nyacol/WAC AOC In-Situ Treatment
	3.2.5 Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat
	3.2.6 Alternative GW-6: Nyacol/WAC AOC and Downgradient Plume AOC Pump and Treat
	3.2.7 Alternative GW-7: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat, and Downgradient Plume AOC Pump and Treat
	3.2.8 Alternative GW-8: Nyacol/WAC AOC In-Situ Treatment/Limited Pump and Treat, and Downgradient Plume AOC In-Situ Treatment
	3.2.9 Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment

	3.3 Alternative Development Uncertainty
	3.4 Screening of Alternatives

	4.0 DETAILED DESCRIPTIONS AND ANALYSIS OF REMEDIAL ALTERNATIVES
	4.1 Alternative GW-1: No Further Action
	4.2 Alternative GW-2: Limited Action
	4.2.1 Pre-Design Investigation
	4.2.1.1 Surveys
	4.2.1.2 Nyacol/WAC AOC Groundwater Evaluation
	4.2.1.3 DNAPL Investigation (Optional – Enhanced DNAPL Extraction Option)
	4.2.1.4 DNAPL Pilot Study (Optional – Enhanced DNAPL Extraction Option)

	4.2.2 Nyacol/WAC AOC DNAPL Extraction (Optional – Enhanced DNAPL Extraction Option)
	4.2.3 Monitoring Well Network Optimization
	4.2.4 Long-Term Remedy Components

	4.3 Alternative GW-4: Nyacol/WAC AOC DNAPL Extraction and In-Situ Treatment
	4.3.1 Pre-Design Investigation
	4.3.1.1 Surveys
	4.3.1.2 Nyacol/WAC AOC Groundwater Evaluation
	4.3.1.3 DNAPL/ISCO Investigation
	4.3.1.4 DNAPL/ISCO Pilot Study

	4.3.2 Nyacol/WAC AOC DNAPL Extraction
	4.3.3 Nyacol/WAC AOC In-Situ Treatment
	4.3.4 Monitoring Well Network Optimization
	4.3.5 Long-Term Remedy Components

	4.4 Alternative GW-5: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat
	4.4.1 Pre-Design Investigation
	4.4.1.1 Surveys
	4.4.1.2 Nyacol/WAC Groundwater Evaluation
	4.4.1.3 DNAPL/ISCO Investigation
	4.4.1.4 DNAPL/ISCO Pilot Study

	4.4.2 Nyacol/WAC AOC DNAPL Extraction
	4.4.3 Nyacol/WAC AOC In-Situ Treatment
	4.4.4 Nyacol/WAC AOC Groundwater Pump and Treat
	4.4.4.1 Pump and Treat Pilot Study
	4.4.4.2 Full-Scale Pump and Treat

	4.4.5 Monitoring Well Network Optimization
	4.4.6 Long-Term Remedy Components

	4.5 Alternative GW-8: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat; Downgradient Plume AOC In-Situ Treatment
	4.5.1 Pre-Design Investigation
	4.5.1.1 Surveys
	4.5.1.2 Nyacol/WAC Groundwater Evaluation
	4.5.1.3 DNAPL/ISCO Investigation
	4.5.1.4 DNAPL/ISCO Pilot Study
	4.5.1.5 Plume Groundwater Investigation

	4.5.2 Nyacol/WAC AOC DNAPL Extraction
	4.5.3 Nyacol/WAC AOC In-Situ Treatment
	4.5.4 Nyacol/WAC AOC Groundwater Pump and Treat
	4.5.4.1 Nyacol/WAC AOC Pump and Treat Pilot Study
	4.5.4.2 Nyacol/WAC AOC Full-Scale Pump and Treat

	4.5.5 Downgradient Plume AOC In-Situ Treatment
	4.5.5.1 Downgradient Plume AOC In-Situ Treatment Pilot Study
	4.5.5.2 Downgradient Plume AOC Full Scale In-Situ Treatment

	4.5.6 Monitoring Well Network Optimization
	4.5.7 Long-Term Remedy Components

	4.6 Alternative GW-9: Nyacol/WAC AOC and Downgradient Plume In-Situ Treatment
	4.6.1 Pre-Design Investigation
	4.6.1.1 Surveys
	4.6.1.2 Nyacol/WAC AOC Groundwater Evaluation
	4.6.1.3 DNAPL/ISCO Investigation
	4.6.1.4 DNAPL/ISCO Pilot Study
	4.6.1.5 Downgradient Plume AOC Groundwater Investigation

	4.6.2 Nyacol/WAC AOC DNAPL Extraction
	4.6.3 Nyacol/WAC AOC In-Situ Treatment
	4.6.4 Downgradient Plume AOC In-Situ Treatment
	4.6.4.1 Downgradient Plume AOC In-Situ Treatment Pilot Study
	4.6.4.2 Downgradient Plume AOC Full Scale In-Situ Treatment

	4.6.5 Monitoring Well Network Optimization
	4.6.6 Long-Term Remedy Components


	5.0 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES
	5.1 Comparative Analysis Approach
	5.2 Overall Protection of Human Health and the Environment
	5.3 Compliance with ARARs
	5.4 Long-Term Effectiveness and Permanence
	5.5 Reduction of Toxicity, Mobility, and Volume through Treatment
	5.6 Short Term Effectiveness
	5.7 Implementability
	5.8 Cost

	6.0 REFERENCES
	TABLES
	Table 1-1 Property Summary
	Table 1-2 Calculated Groundwater Horizontal Gradients
	Table 1-3 Calculated Groundwater Vertical Gradients
	Table 1-4 Contaminant Comparison
	Table 2-1 Summary of Location Specific ARARs
	Table 2-2 Summary of Chemical Specific ARARs
	Table 2-3 Summary of Action Specific ARARs
	Table 2-4 Summary of Groundwater PRGs
	Table 2-5 Estimated Areas and Volumes
	Table 2-6 RAOs GRAs and Process Options
	Table 2-7 Treatment Option Screening - Nyacol-WAC
	Table 2-8 Treatment Option Screening - Plume AOC
	Table 3-1 Initial Alternative Development
	Table 3-2 Initial Alternative Compilation
	Table 3-3 Initial Alternative Screening
	Table 4-1 Detailed Analysis of GW-1
	Table 4-2 Detailed Analysis of GW-2
	Table 4-3 ARARs for GW-2
	Table 4-4 Detailed Analysis of GW-4
	Table 4-5 ARARs for GW-4
	Table 4-6 Detailed Analysis of GW-5
	Table 4-7 ARARs for GW-5
	Table 4-8 Detailed Analysis of GW-8
	Table 4-9 ARARs for GW-8
	Table 4-10 Detailed Analysis of GW-9
	Table 4-11 ARARs for GW-9
	Table 5-1 Detailed Alternative Comparison

	FIGURES
	Figure 1-1 Site Locus Plan
	Figure 1-2 Site Plan
	Figure 1-3 Wetlands and Floodplains
	Figure 1-4 Properties within 5 ug-L Groundwater TCE Concentration
	Figure 1-5 Land Use Map
	Figure 1-6 Site Monitoring Wells
	Figure 1-7 Air Sample Locations
	Figure 1-8 Overburden Groundwater Elevations Fall 2017
	Figure 1-9 Bedrock Groundwater Elevations Fall 2017
	Figure 1-10 Vertical Gradients - Low Water Conditions
	Figure 1-11 Vertical Gradients - High Water Conditions
	Figure 1-12 Overburden Groundwater TCE Results
	Figure 1-13 Bedrock Groundwater TCE Results
	Figure 1-14 C-C Cross-Section from Nobis 2016
	Figure 1-15 D-D Cross-Section from Nobis 2016
	Figure 1-16 Overburden Groundwater 14-DCB Results
	Figure 1-17 Bedrock Groundwater 14-DCB Results
	Figure 1-18 Overburden Groundwater cis-12-DCE Results
	Figure 1-19 Bedrock Groundwater cis-12-DCE Results
	Figure 1-20 Overburden Groundwater 124-TCB Results
	Figure 1-21 Bedrock Groundwater 124-TCB Results
	Figure 1-22 Overburden Groundwater 12-DCB Results
	Figure 1-23 Bedrock Groundwater 12-DCB Results
	Figure 1-24 Overburden Groundwater CB Results
	Figure 1-25 Bedrock Groundwater CB Results
	Figure 1-26 Overburden Groundwater VC Results
	Figure 1-27 Bedrock Groundwater VC Results
	Figure 2-1 Areas of Concern
	Figure 4-1A Alternative GW-2 General Components
	Figure 4-1B Alternative GW-2 Nyacol-WAC Investigation Components
	Figure 4-2A Alternative GW-4 General Components
	Figure 4-2B Alternative GW-4 Nyacol-WAC Investigation Components
	Figure 4-2C Alternative GW-4 Nyacol-WAC Treatment Components
	Figure 4-3A Alternative GW-5 General Components
	Figure 4-3B Alternative GW-5 Nyacol-WAC Investigation Components
	Figure 4-3C Alternative GW-5 Nyacol Treatment Components
	Figure 4-3D Alternative GW-5 Plume Investigation Components
	Figure 4-3E Alternative GW-5 Plume Treatment Components
	Figure 4-4A Alternative GW-8 General Components
	Figure 4-4B Alternative GW-8 Nyacol-WAC Investigation Components
	Figure 4-4C Alternative GW-8 Nyacol-WAC Treatment Components
	Figure 4-4D Alternative GW-8 Plume Investigation Components
	Figure 4-4E Alternative GW-8 Plume Treatment
	Figure 4-5A Alternative GW-9 General Components
	Figure 4-5B Alternative GW-9 Nyacol-WAC Investigation Components
	Figure 4-5C Alternative GW-9 Nyacol-WAC Treatment Components
	Figure 4-5D Alternative GW-9 Plume Investigation Components
	Figure 4-5E Alternative GW-9 Plume Treatment Components


	EDS_33292_Nyanza Draft Final Feasibility Study APPENDICES A-B
	A - NATURAL ATTENUATION UPDATE
	A - NATURAL ATTENUATION UPDATE
	1.0 INTRODUCTION
	2.0 GEOCHEMISTRY
	2.1 Chlorinated Ethenes
	2.2 Chlorinated Benzenes

	3.0 CONCENTRATION TRENDS – STATISTICAL SUMMARY
	4.0 MOLAR FRACTIONS
	4.1 Chlorinated Ethenes
	4.2 Chlorinated Benzenes

	5.0 PLUME DIMENSION CHANGES
	6.0 SUMMARY
	7.0 REFERENCES

	TABLES
	Table A-1
	Table A-2
	Table A-3
	Table A-4
	Table A-5
	Table A-6

	FIGURES
	Figure A-1 Nyanza OB TCE
	Figure A-2 Nyanza BR TCE
	Figure A-3 Nyanza OB 1,2-DCB
	Figure A-4 Nyanza BR 1,2-DCB
	Figure A-5 Nyanza OB cis-1,2-DCE
	Figure A-6 Nyanza BR cis 1,2-DCE
	Figure A-7 Nyanza OB CB
	Figure A-8 Nyanza BR CB
	Figure A-9 TCE Plume Changes
	Figure A-10 1,4-DCB Plume Changes
	Figure A-11 Nyanza OB CE Degradation
	Figure A-12 Nyanza BR CE Degradation
	Figure A-13 Nyanza OB CB Degradation
	Figure A-14 Nyanza BR CB Degradation

	ATTACHMENT A - STATISTICS TOOL EXPORTS
	MW-03B DCB
	MW-03B DCE
	MW-03B TCE
	MW-04B TCE
	MW-04C DCE
	MW-04C TCE
	MW-B5 CB
	MW-B5 DCB
	MW-B5 TCE
	MW-06A CB
	MW-06A DCB
	MW-104A CB
	MW-06A DCE
	MW-06A TCE
	MW-104A DCB
	MW-104A DCE
	MW-104A TCE
	MW-104B DCB
	MW-104B DCE
	MW-104B TCE
	MW-110 CB
	MW-110 DCB
	MW-112A 1-2DCB
	MW-110 DCE
	MW-110 TCE
	MW-112A 2-CB
	MW-112A 3-DCE
	MW-112A 4-TCE
	MW-112B 1-2DCB
	MW-112B 2-CB
	MW-113B CB
	MW-113B DCB
	MW-115A CB
	MW-113B DCE
	MW-113B TCE
	MW-115A DCB
	MW-115A DCE
	MW-115A TCE
	MW-115B CB
	MW-115B DCB
	MW-201 CB
	MW-115B DCE
	MW-115B TCE
	MW-201 DCB
	MW-201 DCE
	MW-201 TCE
	MW-202 CB
	MW-202 DCB
	MW-202 DCE
	MW-202 TCE
	MW-203A CB
	MW-203A DCB
	MW-203B DCB
	MW-203A DCE
	MW-203B CB
	MW-203B DCE
	MW-203B TCE
	MW-302 CB
	MW-302 DCB
	MW-304A CB
	MW-302 DCE
	MW-302 TCE
	MW-304A DCB
	MW-304A DCE
	MW-304A TCE
	MW-304B CB
	MW-304B DCB
	MW-304B DCE
	MW-304B TCE
	MW-305A CB
	MW-305A DCB
	MW-305A DCE
	MW-305A TCE
	MW-405A DCB
	MW-405A DCE
	MW-405A TCE
	MW-405B CB
	MW-405B DCB
	MW-405B DCE


	B - RISK MEMOS
	Appendix B-1 Supplemental Human Health Risk Assessment Tech Memo
	SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT TECHNICAL MEMORANDUM
	TABLE OF CONTENTS
	1.0 INTRODUCTION AND OBJECTIVES
	2.0 AVAILABLE SITE DATA FOR RISK ASSESSMENT USE
	3.0 RISK ASSESSMENT APPROACH
	3.1 Hazard Identification
	3.1.1 Media of Concern
	3.1.2 Guidelines for Data Reduction
	3.1.3 Data Evaluation
	3.1.4 Approach to the Selection of COPCs for the HHRA

	3.2 Exposure Assessment
	3.2.1 Conceptual Site Model for Human Exposures
	3.2.2 Potentially Exposed Populations
	3.2.3 Exposure Point Concentrations
	3.2.4 Identification of Exposure Equations and Parameters

	3.3 Toxicity Assessment
	3.3.1 Cancer Effects
	3.3.1.1 Non-cancer Effects

	3.3.2 Sources of Toxicity Values
	3.3.3 Dermal Exposure

	3.4 Risk Characterization
	3.4.1 Cancer Risk
	3.4.2 Non-cancer Health Effects

	3.5 Uncertainty Analysis

	4.0 CONSTRUCTION WORKER SHALLOW GROUNDWATER RISK RESULTS
	4.1 Summary
	4.2 Uncertainties Analysis

	5.0 HHRA SUMMARY AND CONCLUSIONS
	6.0 REFERENCES

	TABLE
	2-1 HHRA Groundwater Sample Results

	FIGURES
	1-1 Site Locus Plan
	2-1 Overburden Wells Used for Risk Assessment
	3-1 Conceptual Site Model

	APPENDICES
	A - RAGS Tables 2-10
	Nyanza OU2 - RAGS Table 2_woB11
	GW
	GW-VI

	Nyanza OU2 - RAGS Table 3_woB11
	GW
	GW-Air

	Nyanza OU2 - RAGS Table 5.1
	Rags D Table 51

	Nyanza OU2 - RAGS Table 5.2
	Rags D Table 52

	Nyanza OU2 - RAGS Table 6.1
	Rags D Table 61

	Nyanza OU2 - RAGS Table 6.2
	Rags D Table 62

	Nyanza OU2 - RAGS Table 7_woB11
	Construction Worker

	Nyanza OU2 - RAGS Table 9_woB11
	Construction Worker

	Nyanza OU2 - RAGS Table 10_woB11
	Construction Worker

	Nyanza OU2 - RAGS Table 4 August.pdf
	Adult


	B - List of Samples Used
	GW

	C - Calculation of Cair from Vapor in Construction Trench Model
	Shallow GW

	D - Dermal Adsorption Factors
	SW-DAevent



	Appendix B-2 Vapor Intrusion Risk Screening
	Vapor intrusion (VI) screening of groundwater VOC concentrations for Nyanza OU2
	Nyanza resident gw VISLs w risk calc
	Nyanza commercial gw VISLs w risk calc



	EDS_33292_Nyanza Draft Final Feasibility Study APPENDICES C-G
	C - Groundwater Temperature Evaluation
	Site-Specific VISL Tech Memo_&attachments_AppC
	Site-Specific VISL Tech Memo
	Figure C-1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 4
	Table 5
	Attachment C-1
	Attachment C-2
	Attachment C-3
	RI boring logs
	2009 step drilling logs
	2012 step drilling boring logs
	2018 boring logs


	D - Contaminant Mass Calculations
	2 D1 Fracture Freq Summary
	3 D2 Fracture Freq Table
	4 D3 Mass calculation backup
	5 D4 concentration data for mass calc
	6 D5 concentration data for mass calc
	7 D6 concentration data for mass calc

	E - Cost Detail
	GW-1 cost details
	E-1 GW-1 Summary
	E-1 GW-1 Capital
	E-1 GW-1 O&M
	E-1 GW-1 PV

	GW-2 cost details
	E-2 GW-2 Summary
	E-2 GW-2 Capital
	E-2 GW-2 O&M
	E-2 GW-2 PV

	GW-4 cost details
	E-3 GW-4 Summary
	E-3 GW-4 Capital
	E-3 GW-4 O&M
	E-3 GW-4 PV

	GW-5 cost details
	E-4 GW-5 Summary
	E-4 GW-5 Capital
	E-4 GW-5 O&M
	E-4 GW-5 PV

	GW-8 cost details
	E-5 GW-8 Summary
	E-5 GW-8 Capital
	E-5 GW-8 O&M
	E-5 GW-8 PV

	GW-9 cost details
	E-6 GW-9 Summary
	E-6 GW-9 Capital
	E-6 GW-9 O&M
	E-6 GW-9 PV

	Alternative assumptions
	1.0 GW-2: Limited Action/DNAPL Extraction Enhancement
	1.1 Pre-Design Investigation
	1.2 Site Preparation and Mobilization/Demobilization
	1.3 Nyacol/WAC AOC DNAPL Extraction (Optional – Enhanced DNAPL Extraction Option)
	1.4 Monitoring Well Network Optimization
	1.5 Long-Term Remedy Components

	2.0 GW-4: Nyacol/WAC AOC DNAPL Extraction/In-Situ Treatment
	2.1 Pre-Design Investigation
	2.2 Site Preparation and Mobilization/Demobilization
	2.3 Nyacol/WAC AOC DNAPL Extraction
	2.4 Nyacol/WAC AOC In-Situ Treatment
	2.5 Monitoring Well Network Optimization
	2.6 Other Long-Term Remedy Components

	3.0 GW-5: Nyacol/WAC AOC DNAPL Extraction, In-Situ Treatment and Limited Pump and Treat
	3.1 Pre-Design Investigation
	3.2 Site Preparation and Mobilization/Demobilization
	3.3 Nyacol/WAC DNAPL Extraction
	3.4 Nyacol/WAC AOC In-Situ Treatment
	3.5 Nyacol/WAC AOC Pump and Treat
	3.5 Nyacol/WAC AOC Pump and Treat
	3.6 Monitoring Well Network Optimization
	3.7 Other Long-Term Remedy Components

	4.0 GW-8: Nyacol/WAC AOC In-Situ Treatment and Limited Pump and Treat; Downgradient Plume AOC In-Situ Treatment
	4.1 Pre-Design Investigation
	4.2 Site Preparation and Mobilization/Demobilization
	4.3 Nyacol/WAC AOC DNAPL Extraction
	4.4 Nyacol/WAC AOC In-Situ Treatment
	4.4 Nyacol/WAC AOC In-Situ Treatment
	4.5 Nyacol/WAC AOC Pump and Treat
	4.6 Downgradient Plume AOC In-Situ Treatment
	4.7 Monitoring Well Network Optimization
	4.8 Other Long-Term Remedy Components

	5.0 GW-9: Nyacol/WAC AOC and Downgradient Plume AOC In-Situ Treatment
	5.1 Pre-Design Investigation
	5.2 Site Preparation and Mobilization/Demobilization
	5.3 Nyacol/WAC AOC DNAPL Extraction
	5.4 Nyacol/WAC AOC In-Situ Treatment
	5.5 Downgradient Plume AOC In-Situ Treatment
	5.6 Monitoring Well Network Optimization
	5.7 Other Long-Term Remedy Components


	Figure E-1
	Figure E-2

	F - Time to Complete Estimates
	ESTIMATION OF TIME TO ACHIEVE GROUNDWATER TARGET CONCENTRATIONS
	1.0 INTRODUCTION
	2.0 APPROACH
	2.1 Calibration
	2.2 Remedial Alternative Development

	3.0 UNCERTANTY
	4.0 SENSITIVITY ANALYSIS
	5.0 REFERENCES
	TABLES
	Table F-1
	Table F-2
	Table F-3

	FIGURES
	Figure F-1 Nyanza OB TCE Flowline

	Attachments
	Attachment A
	Attachment A-1 Calibration 1988
	Attachment A-2 Calibration 2003
	Attachment A-3 Calibration 2015

	Attachment B
	Attachment B-1-GW-1 10
	Attachment B-2-GW-1 100
	Attachment B-3-GW-1 200
	Attachment B-4-GW-1 450
	Attachment B-5-GW-1 550

	Attachment C
	Attachment C-1-GW-2 10
	Attachment C-2-GW-2 100
	Attachment C-3-GW-2 200
	Attachment C-4-GW-2 450
	Attachment C-5-GW-2 550

	Attachment D
	Attachment D-1 GW-4 10
	Attachment D-2 GW-4 100
	Attachment D-3 GW-4 200
	Attachment D-4 GW-4 450
	Attachment D-5 GW-4 550

	Attachment E
	Attachment E-1 GW-5 10
	Attachment E-2 GW-5 100
	Attachment E-3 GW-5 200
	Attachment E-4 GW-5 450
	Attachment E-5 GW-5 550

	Attachment F
	Attachment F-1 GW-8 10
	Attachment F-2 GW-8 100
	Attachment F-3 GW-8 200
	Attachment F-4 GW-8 450
	Attachment F-5 GW-8 550

	Attachment G
	Attachment G-1 GW-9 10
	Attachment G-2 GW-9 100
	Attachment G-3 GW-9 200
	Attachment G-4 GW-9 450
	Attachment G-5 GW-9 550

	Attachment H
	Attachment H-1
	Attachment H-2
	Attachment H-3
	Attachment H-4
	Attachment H-5
	Attachment H-6
	Attachment H-7
	Attachment H-8
	Attachment H-9
	Attachment H-10
	Attachment H-11
	Attachment H-12
	Attachment H-13
	Attachment H-14
	Attachment H-15
	Attachment H-16
	Attachment H-17

	Attachment I



	G - Hydrogeologic Calculations 
	2 Revised Notes on extraction well capture zones and spacing for Nyanza Pump
	3 Glaciofluvial
	4 Glaciolacustrine



	barcode: *100012904*
	barcodetext: SEMS Doc ID 100012904


